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TECHNICAL NOTE 3738

THEORETICAL AND EXPERIMENTAL INVESTIGATION OF THE
SUBSONIC-FLOW FIELDS BENEATH SWEPT AND UNSWEPT WINGS WITH
TABLES OF VORTEX-INDUCED VELOCITIES

By William J. Alford, Jr.
SUMMARY

The flow-field characteristics beneath swept and unswept wings as
determined by potential-flow theory are compared with the experimentally
determined flow fields beneath swept and unswept wing-fuselage combina-
tions. The potential-flow theory utilized considered both spenwise and
chordwise distributions of vorticity as well as the wing-thickness effects.
The perturbation velocities induced by a unit horseshoe vortex are included
in tabular form.

The results indicated that significant chordwise flow gradients
existed benesth both swept and unswept wings at zero 1lift and throughout
the 1ift range. The theoretical predictions of the flow-field character-
istics were qualitatively correct in all cases considered, although there
were indications that the megnitudes of the downwash angles tended to be
overpredicted as the tip of the swept wing was approached and that the
sidewash angles aheed of the unswept wing were underpredicted. The cal-
culated effects of compressibility indicated that significant increases
in the chordwise variation of flow angles and dynamic-pressure ratios
should be expected in going from low to high subsonic speeds.

INTRODUCTION

The almost universal present-day employment of external stores, such
as missiles, bombs, or fuel tanks on fighter airplenes, and nacelles on
bomber airplanes, has indicated the need for more detailed informstion
regarding the flow characteristice in the vicinity of the wing in order
to estimate the aerodynamic loads on these objects when fixed in the wing
flow Pield and to evaeluate the launching and jettison characteristics of
missiles, bombs, or fuel tanks. In addition, numerous present-day air-
plenes are incorporating wing sweep, lower aspect ratios, and shorter
tail length, all of which may tend to bring the verious asirplane compo-
nents in closer proximity to the wing.
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For airplane designs of the past, in which the component parts (for
example, the wing and the tail) were separated by reasonable distances ;
-the wing-interference effects could be calculated with sufficient accuracy
by a rumber of horseshoe vortices distributed along a single lifting line
(refs. 1 to 4). However, because of the mathematically singuler nsture of
the single vortex, this theory is valid only for regions that are at a
distance of at least one wing chord from the vortex location. (See ref. 1.)

The purpose of the present paper is to show that the flow character-
istics beneath the wing cen be calculated 1f the lifting wing is assumed
to be represented by a multiple arrangement (both chordwise and spanwise)
of horseshoe vortices and if the effects of thickness are accounted for.
The velocities induced by the airfoil-section thickness distribution,
which are often neglected, are considered by using the appropriate sin-
gulerity (source sink) distribution (ref. 5) in conjunction with simple
sweep theory (ref. 6). Detailed experimental flow fields were obtained
around swept and unswept wing-fuselage combinations and ere compared with
the wlng-alone theoretical flow filelds.

The detalls of the calculative procedure are developed in appendixes.
The velocities induced by a unit horseshoe vortex in the chordwise, ver-
tical, and lateral directions for a large range of distances are included
in tebular form. The celculated first-order effects of compressibility
on the flow,characteristics for a subcritical Mach number of 0.80 are
also presented.

SYMBOLS
A aspect ratio
b wing span, £t
c loceal wing chord, ft

ot

mean aerodynamic chord, £t
Cav average wing chord, £t

cy wing-section 1lift coefficient
section lift-curve slope

total 1ift coefflcient

incompressible lift-curve slope

g F
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Cro, M
Cp
Cm

LY

compressible lift-curve slope
drag coefficient

pitching-moment coefficient measured about querter chord of
mean aerodynemic chord

fuselage length, 7.61 £t
wing erea, sq ft
semiwidth of horseshoe vortex, £t

meaximm fuselage diameter, 0.70 £t

airfoil thickness, ft

taper ratio

local sweep angle, deg
free-stream veloclty, f£t/sec

resultant velocity, f£t/sec

backwash perturbation velocity in direction of x-axis, positive
rearwerd (£ig. 3), f£t/sec

backwash perturbation velocity induced by two-dimensional
a.ir/foil-sec’bion thickness distribution (see appendix A),
£t/sec

sldewash pe:i'tm'ba:bion velocity in direction of y-axis, positive
to the right (fig. 3), ft/sec

downwash perturbation velocity in direction of z-axis, positive
downward (fig. 3), £t/sec

local dynsmic pressure, 1b/sq £t
free-stream dynamic pressure, 1b/sq £t

downwash angle between free-stream-velocity vector and resultant-
velocity vector in xz-plene, positive dowmward (£ig. 3), deg

sidewash angle between free-stream-velocity vector and resultant-
velocity vector in xy-plane, positive toward left wing tip

(fig. 3), deg
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X,¥,% right-hand Cartesian coordinate system in which x d1s positive
downstream, y is positive to the right, end 2z is positive
upward (fig. 3), £t

x,Ay,Az distences in the x-, y-, and z-directions, respectively, from
space point of interest to centroidal location of mth, nth
vortex

n spanwise vortex index (see appendix A)

m chordwise vortex index (see appendix A)

o inclination of wing from zero-lift attitude, deg

r three-dimensional vortex circulation strength, fta/sec

Ig ‘two-dimensionsl vortex circulation strength, ft2/sec

@ perturbation velocity potemtial, £t2/sec

¢s two-dimensional perturbation velocity potential (also referred
to as chordwise accumulstion of vorticity when increased by
a factor of 2.0), ft2/sec

Fy backwash factor (see' appendix B)

Fy sidewash factor (see appendix B)

Fy downwash factor (see appendix B)

M Mach number

g =|1-M

Subscripts:

a additional or lift-indiiced characteristics

n characteristics of airfoll section normal to local lines of
constant percent thickness

8 characteristics of streamwise alrfoll section in two-dimensional
flow

c/2 characteristics referred to half-chord line

c/h characteristics referred to quarter-chord line

te characteristics referred to trailing edge

Primes indicate equivalent incompressible characteristics.
Bars indicate centroidal locetions of the vortices.
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MODELS AND TESTS

The models about which the flow surveys were made consisted of both
swept- and unswept-wing—fuselage combinations. Drawings of the wing-
fuselage combination are presented in figure 1. The wing of the swept-
wing—fuselage combination had 45° sweep of the quarter-chord line, en
aspect ratio of 4.0, a taper ratio of 0.3, and NACA 65A006 airfoil sec-
‘tions parallel to the plane of symmetry. The wing of the unswept-wing—.
fuselage combination had O° sweep of the one-half-chord line , an aspect
ratio of 3.0, a taper ratio of 0.5, and NACA 65A004 airfoil sections
parallel to the plane of symmetry. The fuselsge consisted of an ogival
nose section, a cylindrical center section, and a truncated tail cone.
The fuselage ordinstes are presented in table I.

The tests were made in the Langley 300 MPH T- by 10-foot tunnel at
a veloclity of 100 miles per hour. 'Experimental results are presented
for angles of attack from -8° to 24° for the swept-wing—rfuselage model
and from -8 to 16° for the unswept-wing—rfuselage model.

The flow characteristics were obtained with a reke of hemispherically
headed probes utilizing both downwash- and sidewash-angle orifices in con-
Junction with pitot-static orifices to measure dynsmic pressure. The
instrument employed in this investigation is similar to that employed in
reference 1 and is shown installed on one of the test models in figure 2.
The flow surveys were made over the right -wing with the model inverted %o
minimize support-strut interference and, therefore, represent conditions
(due to model symmetry) under the left wing of the model.

Consideration of the angularity rake calibration, data-reduction
process, method of reke sypport, possible errors in misalinement, and
inherent wind-tunnel misalinement angles indicates that the downwash
data are accurate within epproximately ¥1.0°, the sidewash data are
accurate within approximstely +1.5°, and the dynamic-pressure-ratio date
are accurate within approximately +0.025.

THEORETICAL: METHODS

The cheracteristics of a field of flow cen be completely defined
by the magnitude and direction of the local velocity vectors. It is
generally convenient to éxpress the direction in terms of the angles ¢
in the vertical plane and ¢ in the lateral plane and to express the
magnitude in terms of local dynamic pressure q;- In order to deter-

mine the foregoing flow characteristics by use of theory, a knowledge
is required of the induced velocities contributed by the various
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surfaces responsible for disturbing the free-stream flow. The discussion
of the calculative procedure will be restricted in the present sectlon-to

a brief general description with the specific details and equations enlarged
upon in appendix A. The principal factors necessary to describe the flow
characteristics are defined schematlcally in figure 3.

In the calculation procedures employed, it was assumed that the flow
was potentiel and plenar, and, hence, the effects of boundary-layer sep-
aration and the rolling up and displacement of the trailing-vortex wake
have been neglected. The effects of the presence of the fuselage have
also been neglected since the variation of upwash angle induced by the
circulsr-cross-section fuselage decays rapidly with lateral distance.
This veriation in upwash angle is presented in figure 4 as a function of
lateral distance, nondimensionalized with respect to the swept-wing semi-
span. For the swept-wing configuration, the ratio of fuselage diameter
to wing span is 0.135. For the lateral locations for which the swept-

wing calculations have been made, y/%: 0.50 and y/-Z-: 0.75, the

fuselage-induced upwesh angles are seen from figure 4 to be approximately
8 percent of wing angle of attack for the inboard location and spproxi-
mately 3 percent for the outboard location. For the midsemispan location
of the unswept wing, which has a ratio of fuselage dismeter to wing span
of 0.16, the fuselage-induced upwash angle is approximaetely 10 percent of
the wing angle of attack.

The foregoing discussion has considered only the effects of the fuse-
lage alone. Examination of reference 4 indicates that the mutusl-
interference effects caused by the addition of a wing to the fuselage
produce only slight changes in the exposed wing-span load distribution.
Since the calculations of present interest are critically affected by
1ift coefficient and since the comparison of theory with experiment is
most readlily made for comparable 1ift coefficients, the small changes in
load distribution indicated by reference 4 are assumed negligible. For
reglons closer to the fuselage, however, or for larger ratios of fuselage
diameter to wing span, it is evident from figure % that the presence of
the fuselsge should be considered. In this respect, the analyses of ref-
erences 4 and 7 may be useful.

In order to determine the flow characteristics in close proximity
to the wing, it is necessary to account for both the 1ift-induced veloc-
ities and the nonlifting or thickness-induced velocities. The former
velocities are primarily a function of wing angle of attack and plen-
form geometric characteristics, whereas the latter wveloclities are inde-
pendent of angle of attack and are primerily a function of the local
airfoil-section thickness distribution, modlified by plan-form character-
istics. Extensive theoretlcal investigations of the zero-lift veloclty
distributions on the surface of unswept and sweptback wings have been
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reported in references 8 to 11 and indicate that the isobars, thet is,
lines of constant pressure, tend to be parallel to the local lines of
constant percent thickness for reglons not too close to the wing root or
tip. Reference 9 also shows that the effect of aspect ratio on the back-
wash velocities is negligible for aspect ratios that are of present inter-
est (aspect ratios of 4 and 3 for the swept end unswept wings s Trespec-
tively). In view of this, and with comsideration of the simple sweep
theory of reference 6, the present paper considers the sirfoil sections
normal to the local lines of constent percent thickness to be two
dimensional in nature.

The perturbation wvelocities of the two-~dimensional-airfoil thickness
distribution mey be determined by either conformel transformations as
reported in references 12 to 14 or by use of the appropriate singularity
distribution as determined by the methods of reference 5 or 15. The pres-
ent peper utllized the method of reference 5 in combination with the
simple sweep theory of reference 6, as described in appendix A, in order
to account approximately for the effects of elther sweep or taper or both.

In the calculation of the lift-induced velocitlies, the present pro-
cedure utilizes, primarily, four horseshoe vortices distributed in the
chordwise direction at each of 10 spanwise locations, thus making a total
of 40 horseshoe vortices. The chordwise vortices are assumed to have
equal circulaetion strengbhs but unequal chordwise spacing. The stratagem
is then to sum the induction effects at points that lie midway between
any two adjacent chordwise vortices (where possible) for regions near the
wing chord, and thereby minimize the objectionable singularity effects men-
tioned previously in the "Introduction". This procedure is hereinafter
referred to as the finite-step method. An illustrative’ calculation of
the lift-induced velocities beneath the swept wing is presented in
table II.

In calculating the sidewash veloclties, the finite-step method
becomes increasingly inaccurete as the vertical distance from the wing
chord plane is decreased. Further study of the assumed horseshoe vortex
system (see appendix A) indicated that the sidewash velocity would approach
zero as the wing chord plane wes gpproached. This characteristic is not
consistent with reality in that the lateral gradient in load or vorticity
implies the existence of sidewash veloclties on the wing surface.

By use of unpublished theoretical studies made by Percy J. Bobbitt
of the Langley Aeronsutical Laboratory (see appendix A), the sidewash
velocity at the wing chord plane may be estimated and a more realistic
variation of sidewash velocity with vertical distance effected.

The velocities Induced by a unit horseshoe vortex in the vertical,
lateral, and longitudinal directions, which are necessery in jhe present
methods, were computed by the equations gliven in reference 16 and are
presented in tables ITI, IV, and V for a large range of distances.
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The spanwlse load or vorticity distributions were determined by
‘the method of reference 17. In order to eliminate errors involved in
estimating the lift-curve slopes of the wings under consideration, the
comparisons of theory with experiment were made at the same 1ift
coefficient.

The calculated first-order effects of compressibility were obteined
by use of the three-dimensional Prandtl-Glauert transformation as glven
by Gothert in reference 18. The procedure utilized in the present investi-
gation 1s described Iin appendix A.

COMPARTSON OF THEORY AND EXPERIMENT

In anelyzing the flow-field characteristics and in correlating
experimental and theoretical characteristics, it is often desirable to
have as a reference level the experimental force and moment character-
istics of the models. These date for the models of the present investi-
getion are presented in figures 5 and 6.

Flow angularities are presented in terms of the angles € and o.

In the sign convention adopted (fig. 3), positive values of ¢ indicate
a downflow, positive values of ¢ represent an outflow (toward left wing
tip), and values of q_-,,/qo grester than unity indicete regions of super-
pressure reletive to free-stream conditions. It should be noted that the
induced angles € and ¢ must be combined with the geometric angles of
attack and sideslip, respectively, to be applicable for use in load-
estimation procedures. ’

The effects of vertical location on the flow characteristics below
the swept wing are shown in figure 7. The effects of wing 1ift coef-
ficient on the flow characteristics 15 percent of the local wing chord
below the one-half and three-quarter semispan locations of the swept
wing are presented in'figures 8 and 9, respectively, and for the mid-
semispan location of the unswept wing in figure 10. The calculated
effects of compressibility for a subcritical Mach number of 0.80 and
for a verticel location 25 percent of the local wing chord below the
midsemispan location of the swept wing are presented in figure 1l.

Swept-Wing Model

Examination of the flow characteristics beneath the midsemlspan
of the swept-wing model at zero 1lift (£ig. T(a)) indicates the existence
of significant chordwise gradients for all the flow parameters. The
severity of these gradients diminishes as the distance from the wing
is increased.
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Comperison of the values predicted by theory with the experimentel
velues indicates that the representation of the airfoil-section thick-
ness distribution by a two-dimensional singularity distribution (ref. 5)
modified by simple sweep theory (appendix A) gives excellent qualitative
agreement for all vertical locations considered. The magnitudes of the
flow parameters due to thickness are, in general, also well predicted,
although the downwash angles are underpredicted for the regions immedi-
ately ahead of the wing chord.

The flow characteristics at a wing 1lift coefficlent of 0.49 are
shown in figure T(b). The chordwise gradients mentioned previously are
seen to be more severe then for the zero-lift condition (fig. T(a)).
For this 1ift coefficient (0.49) the lift-induced effects, in general,
completely overshedow the thickness effects and cause large changes in

the downwash and sidewash angles in addltion to reductions in the dynemic-

pressure ratios.

Good agreement is in evidence for the downwash angles except for
the nearest vertical location where the theory overestimates conditions
immediately ahead of the wing leading edge. This overestimetlon is pre-
sumed. to be due to the assumption in the theory of the two-dimensional
type of chordwise load distribution thet implies full leading-edge suc-
tion and, hence, unrealistically large induced effects in this vielnity.

In the case of the sidewash angles (fig. T(b)), the assumed finite-
step theory is seen to become increasingly inaccurate as the verticel
distance from the wing chord plane is decreased. The modified theory
(see appendix A), which effects a more realistic variation of sidewash
velocity with vertical distance (particularly near the chord plane), is
seen generally to agree more closely wilth the experimental results than
does the finite-step method. The modified theory was used in the rest
of the incompressible sidewash calculations presented in this psaper.

The prediction of the dynemic pressures (fig. T(b)) by use of the
finite-step method is seen to be good for all chordwise and vertical
locations presented.

Since it has been shown thet the decay in the flow distortions can
be calculated, it would be desirable to consider in more detall the
predictability of the flow throughout & more complete 1ift range. A
comparison of the theoretical and experimental flow fields existing
15 percent of the local wing chord beneath the midsemispan location of
the swept wing is presented in figure 8.

With a change in sign of the flow angles at the most negative 1ift
coefflcient (GL = -0.53), the conditions existing on the upper or suc-

tion side of the wing when at positive 1lift may, because of model sym-
metry, be examined. The flow parameters indicate the existence of
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extremely high values of downwash and sidewash engularity as well as

large dynamlic pressures. Examination of the pitching-moment curve pre-
sented in figure 5 indicates an unsteble breek at approximately this

1lift coefficient in the positive 1ift range (Cp, = 0.49), which signifies
a loss of lift at the wing tip end Indicates the existence of nonpotential
flow. The potential-flow theory utilized cannot then be expected to
predict the megnitude of the flow parameters for these conditions.

As the 1ift coefficlent is reduced to Cp, = -0.26, a rather good

description of the downwash angles is given by use of theory (fig. 8(a)).
CGood agreement 1s also obtalned throughout the positlive 1lift range to
Cr, = 0.89, which is rather surprising since at this 1lift coefficient the

flow on the suction side of the wing is nonpotential. At Cjy, = 1.09, the
theory 1s seen to overpredict the dowvmwash shead of the leeding edge and

. to underpredict it over the chord proper. This is presumed to be due to

the rearward movement of the experimental local center of pressure that
is assoclated wlth leading-edge stalling.

Examination of figures 8(b) and 8(c) indicates that the calculated
sldewash angles and dynamic pressures are in reasonable agreement over
the entire 1ift range with the exception of the extreme cases, Cyp = -0.53

and 1.09 where nonpotential conditions exist.

In order to determine the ability of calculations to predict the
effect of spanwlse position on the flow characteristics, a comparison
with the conditions exlsting 15 percent of the local wing chord below
the three-quarter semispen location of the swept wing is presented in
figure 9. The zero-1lift flow angles (fig. 9(a)) and dynamic pressures
(£ig. 9(b)) are well predicted, which indicates that the zero-lift flow
characteristics are still essentially two dimensional in nature at

y/ '121 = -0.75. As the 1ift coefficient is increased, however, the agree-
ment between theory and experiment is seen to deteriorate for the down-
wash angles (fig. 9(a)) in that the theory gives values too high over

the chord region. This overestimation is presumed to be due to assuming

a two-dimensionel type of chordwise load distribution to exlst at this
spanwise station for Cp, = 0.25 and to a combination of the aforemen-
tioned in conjunction with the proximity of the rolled-up tip vortex

for Cp, = 0.49. 1In spite of the defects in predicting the downwash

angles, the sidewash angles and dynsmic pressures are seen to be reasonebly
well predicted. It should be noted that the experimental downwash angles

are slightly lower at the outboard location (y/ b_ -0.75 in fig. 9(a.))

than at the inboard location (y/g- = -0.50 in fig. 8(&)), whereas the
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sldevash angles are slightly higher. The dynamic pressures appear to be
reletively unaffected by spanwise station for the two stations presented
(figs. 8(c) and 9(b)).

Unswept-Wing Model

A comparison of the flow characteristics at a distance 15 percent
of the local wing chord beneath the unswept wing is presented in fig-
ure 10. The predicted downwash characteristics (fig. 10(a)) are, in
general, subject to the same discussion and limitations as those for the
swept wing; the only noteble differences were the underprediction of the
downwesh ahead of the leading edge, whereas there was an overprediction
for the swept wing (fig. 8(a)). The cause of the nonpotential nature of
the flow above the wing chord plane, as evidenced by the break in the
pitching-moment curve (fig. 6), is assumed to be due primarily to leading-
edge separation. .

The comparison between the experimental and theoretical sidewash
angles below the unswept wing is shown in figure 10(b). As in the case
of the swept wing, significant chordwise gradients exist under lifting
conditions. The finite-step theory in which 10 spanwise and 4 chordwise
horseshoe vortices were utilized is seen to underpredict the sidewash
angles. Increasing the number of spanwise vortices from 10 to 20 and
using the estimated surface sidewash velocity (see appendix A) in deter-
mining the sidewash velocity variation with vertical distance appear )
to provide better agreement with experiment over most of the chord. The
disegreements existing sheed of the wing-chord leading edge at positive
1ifts are not fully understood, but some of the disagreement may be due
to support-strut interference effects that have not been assessed.

The dynsmic pressures (fig. 10(c)) appear to be well predicted
throughout the lift-coefficient range investigated with the exception
of the largest negative 1lift coefficient.

The effects of sweepback cannot be adequately determined throughout
the lift-coefficient range by comparing the wings of the present investi-
gation since several geometric differences exist other than the angle of
sweep. If it is assumed, however, that, for the midsemispan locations,
the zero-lift flow characteristics are essentially two dimensional, as
indicated by the ability of two-dimensional theory to. predict the flow
characteristics, some insight is gained as to the effect of sweep. Com-
parison of the zero-lift downwash angles and dynamic pressure of the
swept wing (fig. 8) with the comparsble cheracteristics for the unswept
wing (fig. 10) indicates that sweep has little effect on these parameters.
The differences that do exist are felt to be due to the difference in
thickness ratios. Exemination of the sidewash angles (figs. 8(b)
and 10(b)) indicates that the effect of wing sweep is to induce larger
sidewash angles, at zero 1ift, in accordance with simple sweep theory.
(See appendix A.)
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Effects of Compressibility

In the foregoing discussion, the flow-field characteristics were
for the incompressible case. It would now be desirable to examine briefly
the effects of compressibility on the flow characteristics. Since no
experimental data are available at the higher speeds, theoretical com-
parisons have been made in order to provide at least a qualitative indi-
cation of the effect of compressiblility.

The celculated compressibility effects, for a suberitical Mach num-
ber of 0.80, on the flow characteristics at a distance 25 percent of the
local wing chord beneath the midsemispan location of the swept wing are
presented in figure 11 for three conditions. The effect of increasing
the Mach number on the zero-1ift flow characteristies i1s to cause increases
in both the downwash and sidewash angularities as well as the dynamlic-~
pressure ratio, although the basic-£low structure appesrs to be relatively
unchanged. In considering Mach number effects for the lifting condition,
as calculated by the finite-step method, it is convenient to examine the
effects from two standpoints, namely, the case where o 1is held constant
and the case where Cj, is held constant. For the constant a« case
(fig. 11), the effect of increasing the Mach mumber is to cause large
increases in the positive and negative magnitudes of the downwash angles
over the complete chordwise range shown and particulerly near the leading
edge. -Large increases in the reglon of the leading edge are also evident
in the sidewash angles and large decreases occur in the dynamic pressure
over the leading-edge portion of the chord; however, the rear 80 percent
of the chord appears to be relatively unchanged. Some of these effects
are due to the fact that the wing in compressible flow at constant o
is generating more 1ift than the wing in incompressible flow. In order
to eliminate these additional 1lift effects, the effects of compressibility
et constant 11ift are also presented in figure 1l1. For this condition,
the negative and positive magnitudes of the downwash angles are still
increased over the incompressible conditions. In the case of the side-
wash angles, however, although the compressible values are slightly higher
at the leading edge, they are reduced over the chord proper. The com-
pressible dynamic-pressure ratios still appear to be reduced at the
leading edge, but to & lesser extent than for the constant o condition,
end are actually increased beyond the quarter-chord locatlions.

CONCLUDING REMARKS

A theoretical and experimental investigation of the subsonic-flow
fields beneath swept and umswept wings indlicates the existence of signif-
icant chordwise gradients in the flow characteristics. These gradients
diminish in severity as the distance from the wing chord plane is increased.
Increasing the 11ft coefficient caused large changes in the local downwash
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and. sidewash angles and in the dynamic-pressure ratios. The effect of
wing sweep at zero lift was to cause increased sidewash angles.

The theoreticel predictions of the flow-field characteristics were
qualitatively correct in all cases considered, although there were indi-
cations that the magnitude of the downwash angles tended to be overpre-
dicted as the tip of the swept wing was approached and that the side-
wash angles ahead of the umnswept wing were underpredicted.

The effects of compressibility, as calculated by first-order linear
theory, indicated significant increases in the chordwise variations of
flow angles and dynemlc-pressure ratios for both the zero-lift and lifting
cases. The effects of compressibility for the lifting cese in which the
lift coefficient was held constant were less severe than those for the
constant-angle-of-attack case.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., April 26, 1956.
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APPENDIX A
DETATLED THEORETICAT, CONSIDERATIONS

The purpose of this appendix is to present a more detaliled descrip-
tion of the calculative procedure described briefly in the text.

The flow is assumed potential and plenar, and, hence, the effects
of boundary-layer separation and the rolling up and displacement of the
trailing vortex weke are neglected. The effects of the presence of the
fuselage have been neglected (see fig. U4) for the lateral locations of

present interest (y/g-= 0.5 and 0.75). For regions closer to the fuse-

lage, however, its presence mey be considered by methods similar to those
reported in references 4 and T.

A well-established practice in two-dimensional-airfoil theory is
to consider independently the effects of thickness and the effects of
angle of attack (ref. 19). The present paper also employs this procedure
in determining the flow-fleld characteristics but includes in the non-
1ifting case first-order three-dimensional effects incurred elther by
sweep or taper or both; and in the lifting case, both spanwise and chord-
wise distributions of vorticity aere considered in an approximste masnner.

Nonlifting Case

In two-dimensionel flow, the nonlifting or thickness-induced per-
turbation velocities are primarily a function of thickness distribution.
These perturbation velocities, that is, downwash in the vertical direction
and backwash in the chordwise direction, may be calculated either by con-
formael mepping techniques, as reported in references 12 to 1k, or by use
of the appropriate singularity (source sink) distribution, as reported in
references 5 and 15.

In three-dimensional flow, the problem of determining the perturba-
tion velocities in the field ‘surrounding the wing becomes considerably
more complex and requires, in rigorous form, a representation of the wing
by an infinite number of singulerities which must be integrated over-the
wing surface (refs. 8 to 11).

Examination of the extensive theoretical investigations of the zero-
1ift longitudinal or backwash veloclty distributions on unswept and swept-
back wings reported in references 8 to 11 indicated that it is necessary
to determine only the three-dimensionsal effects incurred elther by sweep
or taper or both, since the isobars tend to be parallel to lines of con-
stant percent thickness (for regions not very close to the wing root or
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tip) and since the effect of aspect ratio on the local velocities is
negligible (ref. 9) for the aspect ratios considered in the present
peper. In view of the foregoing discussion, the following development
(zero-1ift case) will be primarily two dimensional in ndture and will
generally consider swept wings by use of simple sweep theory (ref. 6);
but the procedure will also be appliceble to unswept wings.

The original contribution of simple sweep theory (ref. 6) was to
indicate a geometric device by which the critical Mach number of wings
could be raised. Reference 6 points out that the-wing pressure distri-
bution was chiefly affected by the velocity component normel to the lines
of constent percent thickness. In determining the zero-lift or thickness-
induced velocities of a swept wing, it is, therefore, necessary to con~
sider the thickness distributions of the alrfoll sectlons normel to the
lines of constant percent thickness. These airfoll sectlons will herein-
after be referred to as normal sections in order to differentlate them
from the streamwise sections.

The geometric characteristlcs necessary in the calculation of the
thickness-induced veloclities 1s shown for the swept wing of tThe present
investigation in figure 12. The streamwise chord locatlons at which the
flow-field characteristics are desired are indicated by the data points.
The normal sections were assumed to be two dimensional and, therefore,
the perturbation veloclties generated by these sections, in conjunction
wilth the reduced velocity component V cos A could be calculated by
elther of the two-dimensional-flow techniques mentioned previously (con-
formal mapping or singularity solution). For the points ahead of the
wing leading edge, the sweep angles of the normsl sections generasting
the perturbation velocities at these points (as indicated by the dashed
lines in fig. 12) were assumed constant and equal to the sweep angle of
the leading edge.

Since the perturbation velocitles along and perpendiculaer to the
chords of the normal sections (u, and w, respectively) have been deter-

mined, it is now necessary to determine the components of these velocities
relative to the streamwise chord (fig. 12). The downwash velocity w
remeins unchanged since the effects of the increased normal-section thick-
ness ratio relative to the streamwise-section thickness ratio are canceled
by the reduced normal velocity component. The normal-section backwash
veloclity up must, however, be added to the normsl-veloclity component

V cos A (fig. 12). These vectors are then combined with the parallel-
velocity component V sin A.' This vector addition (fig. 12) determines
the direction of the resultant-velocity vector Vg relative to the free-

stream direction. This resultant-velocity direction is seen to be toward
the plane of symmetry for regions of supervelocity (VR > V) and toward the
wing tip for regions of subvelocity (VR < V).

The backwash and sidewash perturbation velocities relative to the
free-gtresm direction are (from the vector diagram of fig. 12)
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u=u, cos A (A1)
v=1uy sin A (a2)

end the flow angles in the vertical and lateral directions are, respece
tively,

€ = tan-1 /A tan~t /Al © (a3)
14+ 2 14+ un cos A
v v
un sin A
v/V v
RPN /A S S (ak)
1+ u 1 un cos A
v v

The dynamic-pressure ratios are defined by

G (V+u)+ w2+ v
P - (85)
or, since
(v + v3) < (V + u)?
then
Q. 2 2
P MR, (1 + w) (A6)
9% Ve v '

In the foregoing development, it was assumed necessary, because of
wing taper, to determine the thickness distributions of each of the sec-
tions normal to the lines of constant percent thickness, and then to cal-
culate the perturbation velocities generated by these sections. It is
obvious that fulfillment of this assumption would entall a prohibitive
amount of computational labor. In order to reduce the computetions to
practicel proportions, it is necessary to introduce certain simplifying
assumptions. It was, therefore, assumed that the given tapered swept
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wing could be replaced by some equivalent infinite-span, swept, untapered.
wing. The effects of wing taper would be retained, however, in using the
correct local sweep angles in equations (Al) and (A2).

In order to evaluate the changes in the alrfoll thickness distribu-
tion incurred by the foregoing essumption, the thickness distribubtions
of the normel sections (as indicated by sections 1 to T in fig. 12) were
determined and were found to have maximum thickness ratios of T.45 to
T.T percent. These thickness distrlibutions were then compared with the
thickness distribution of the streamwise alrfoil section which was
increased so that its maximum thickness ratio was equivalent to the
average maximm thickness ratios of the normal sections (7.6 percent).
This comparison is presented in figure 13. It is evident from this f£ig-
ure that wing taper ceuses some small varlations In the thickness dis-
tributions, perticulerly over the rear portion of the chord; however,
when considerstion is glven to the fact that the maximm surface veloclty
induced on an NACA 654008 airfoil section is only of the order of 10 per-
cent greater than the free-stream velocity (for zero lift, see ref. 20),
it mey safely be assumed that these dlfferences in thickness distribu-
tions, due to wing taper, are negligible.

Since it has been shown that the glven swept wing can be approxi-
mated by an infinilte-span, swept, untapered wing without incurring any
appreciable differences in the airfoil-section thickness distributions,
some useful relationships between the assumed infinite-span, swept, unta-
pered wing and an infinite-span, unswept, unmtapered wing should be noted.

Comperison of an infinite-span, swept, untapered wing with an
infinite-span, unswept, untepered wing of the same streamwise thickness
ratio indicates that the normal-section thlckness ratio of the swept wing
is increased by 1/cos A relative to the streamwise section and that
the normel component of the imposed velocity is decreased by cos A.

(See the following sketch.)

]

v

o Iet
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—— e —
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It can, therefore, be reasoned that, since the perturbation velocities
are linear functions of thickness, for small thickness ratios (as indi-
cated by an analysis similar to that of ref. 21), the increased thickness

effects (% co:é A) are canceled by the reduced velocity V cos A. The

perturbation veloclities relative to the normal section of the swept wing
are then approximately equal to the perturbation velocities relative to
the streamwise section of the unswept, untapered wing; that is,

Un ¥ ug (A7)

where ug 1is the backwash velocity generated by the streamwise thickness
distribution in two-dimensional flow with a free-stream veloclity equal

to V.
BEquations (Al) and (A2) may now be rewritten as

u=ug cos A (A8)

v = 1ug sin A (A-9)

and the flow engles given by equations (A3) end (A4) may be rewritten
as

e = tan-1 W/Vc - (a10)
os
1 4+ E:S___
v
ug sin A
o= - tan~L v (a11)
ug cos A
14+ ————

v

The dynamic-pressure ratio is now

2
4, (1+“_fs_ﬁ’i_é (112)
do v
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The present paper utilized the singularity-distribution method of
reference 5 in order to calculate the two-dimensional perturbation veloc-
ities in the field surrounding the NACA 65A-series alrfoils of the swept
and unswept wings. These velocities were then modifled:by the use of equa-
tions (A8) and (A9) to account for the three-dimensional-flow effects of
elther sweep or teper or both. The celculated veloclties. induced at the
midsemispan location of the swept wing at zero lift are presented in fig-
ure 14, and the flow-field parsmeters determined from equations (A10)
to (Al2) are presented in figure T(a) for comparison with experiment.

Lifting Case

The general practice of accounting for the wing lift-induced veloc-
ities, by employing a single lifting line (approximated by a number of
horseshoe vortices), becomes increasingly inaccurate as the vortices are
approached. (See ref. 1.) In order to obtain more reslistic velues of
the lift-induced velocities for reglons close to the wing, a more detailed
accounting of the chordwlse distribution of vorticity is required. It
should be noted that, if the actual loed distributions are known, they
would probably grestly enhence the accuracy of the calculations. In the
sbsence of these loadings for the wings of the present investigation, the
spanwise loadings were determined by the method of reference 17 and the
chordwise load distributions were assumed to be two dimensional in shape
with the local circulation strength dictated by the span-load distribution.

The shape function of the two-dimensional chordwise vorticity a.ccmm-'
lation ¢s is given by reference 16 and msy be expressed, with a change

in veriable, as

(A13)

It was further assumed that this chordwise accumlation could be
approximated by a finite number of vortices of equal strength since the
stratagem was to determine where possible, the perturbation velocities,
due to the vortices, at points in the field (in the immediate vicinity
of the local chord) lying midway between any two adjacent vortex locations,
thus effecting some cancellstion of the objectionable effects of the single
lifting line.
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Integration of equation (A13) gives the chordwise accumulaetion of
vorticlty as

(x/c)2

Ps_ g‘/g (2 a2 yE (azk)
(x/e)1

The chordwise limits necessary to insure equal circulation strengths
(x/c); and (x/c)p must be determined by trial and error. After these

limits are determined, the centroidal locations of the vortices may be
found by

z (A15)
which upon integration gives
'2 x_ 4 5 (x/e) 2
- cll. %—(JE{-) +-];sinl(2§-l)
b’
- (a26)
2
% - (J-‘-:-) + sin"l -
(-x/c)]_

A study of the mmber of two-dimensional-flow vortices needed to
' approximate the airfoil boundary conditions, that is, o« = -w/v, in which
combinations of one, two, four, and eight vortices were considered, indi-
cated that one and two vortices were insufficient. Utilization of eight
vortices, of course, was found to give the best approximation of those
investigated, although this was felt to raise the computations to the
prohibitive level. Four chordwise vortices were, therefore, chosen as
the best compromise between required labor and the approximation of the
boundary conditions. The centroidal locations of these four vortices
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were found, from equations (All4) and (A16), to be approximately
x/c = 0.013, 0.092, 0.272, and 0.621.

The vortex arrangements thus chosen to represent the wing plan form
consisted of four chordwise horseshoe vortices at each-of 10 spanwise
stations. The vortex arrangement aessumed to represent the swept wing
is presented in figure 15.

The equations of the lift-induced perturbation welocitles for the
assumed vortex arrangement may be expressed as

u _ 1 n=10 m=l r . (s27)
Vo laVs i pg 4T

va_ 1 n=10 m=} r (a18)
v 4eVs =1 m=1 T

wa 1 n=10 m=1l- r

Vv  hxVs n% % LY (#19)

vhere F,, Fy, and F, are the geometric functions assoclated with a

unit horseshoe vortex. The equations of these functions, as given in
reference 16, with the appropriate sign changes and nondimensionalized.
with respect to the semiwidth s of the vortex, are presented in appen-
dix B. The values of these functions over a wide range of distances are
presented. in tables III to V.

Since 10 spanwlise vortices were assumed Iin the present investigation,
the semiwidth of each horseshoe vortex is

8 = (a20)

L
20

The circulation strength I' may also be related to the local section
1ift coefficient by

c-LcV
2

I' =

(a21)
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Equations (A17) to (A19) may now be expressed as

Ua 5

= =2 E F A22
VO, 2xA pei med 4CiCav (h22)
Ve n=10 m=4 c,c

—_— 2 Fy ( A23)
VCL 29tA n=1 m=1l J'I-OLCav

Vg n=10 m=4 c."c

e .2 (A2k)
VO,  20A p3 el ll'cha.v

The 1lift-induced veloclties were computed for the wing plan forms
of the present investigation by use of equations (A22) to (A24) by using
the span-load distributions presented in figure 16 as determined by the
method of reference 17. A sample calculation of the lift-induced veloc-
ities for each unit of 1ift coefficient for the swept wing is presented
in teble II. The velocities induced at several verticel locetions below
the midsemispan location of the swept wing are presented in figure 1T.

A study of the lift-induced velocities indicated that the downwash
and backwash velocities calculated by use of equations (A22) and (A24)
(£ig. 17) had the correct qualitative variation with vertical distence,
whereas the sidewash velocities did not. Examination of the sidewash
velocity factor Fy (see eq. (B6)) indicates that when a finite number
of horseshoe vortices are used the sidewash veloclity for smell vertical
distances must approach, at the surface, either zero or become infinite,
depending on whether the point of interest lies between the tralling
vortices or directly under a trailing-vortex segment. The points of
interest in the present calculations were chosen midway between the
trailing segments of the horseshoe vortices and, hence, approach zero
as the wing chord plane is approached. In reality, this condition does
not exist since the lateral gradient in loading or vorticity implies the
existence of sidewash velocities at the wing surface. Clearly, then,
sidewash velocities calculated by use of the finite-step method
(eq. (A23)), where the sidewash velocity is zero at the wing surface,
would yield much smaller values for points close to the wing (fig. 17)
than would a method accounting for the finite sidewash at the wing
surface.

Unpublished theoretical studies (eqs. (A25) to (Af2)) mede by
Percy J. Bobbitt of the Langley ILaboratory have indicated thet a more
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realistic value of the sldewash veloclty variation with vertical distance
could be obtained by estimating the sidewash velocity at the wing chord
plane due to the lateral gradient in the velocity potential (referred to
herein as the chordwise accumulation of vorticity) and then by fairing

the maximum sidewash velocity in the wing field, as calculated by equa-
tions (A23) and (B6), to this chord-plane velocity. The sidewash velocity
at the wing chord plane may be determined from the lateral gradient in
the chordwise accumletlion of vorticity which mey be expressed as

_ 3(x,y) A2
Vg - (a25)

which may be nondimensionelized as

d ¢(X:Y)
;:L - vc;, 2 (A26)
b/2

In the absence of experimental information regarding the chordwise
accumiletion of vorticity ¢ for the wings of the present investigation,
the two-dimensional vorticity accumulation given by equation (All) was
assumed. In order that the total circulation of the system be correct,
the total chordwise circulation strengths must be corrected to agree with
the strengths of spanwise vorticity distribution. Thus, equation (A1k)
may be expressed as

ORI
2

Since

2¢s,‘be = I'g
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evaluation of equation (A27) at the trailing edge of the chord
(x/c = 1.0) gives

I's e
= . (A28)
vo, 2

The three-dimensional vorticity equation given by equation (A21)
mey be nondimensionslized as

r _1.%¢
ch:‘é’. A Creay

(A29)

The two-dimensional circulation strength (eq. (A28)) may now be
corrected to the three-dimensional value (eq. (A29)) by defining a cor-
rection factor K as the ratio of equation (A29) to (A28).

e, e
r b 1

k=L=20

rg ©CA CrCav

(A30)

Multiplying equation (A2T) by the correction factor (eq. (A30)) gives

goy) _ 1\ [z _(xP L g1 E
v"I-';1 ) “A<°L°av> ¢ (C) ¥ sin ‘]: (851)

vwhich is the assumed chordwise vorticity accumulation in terms of the
correct local total circuletion strength.

An approximate expression for the sidewash veloclity existing at the
wing chord plane may now be obtained by substituting equation (A31) inmto
equation (A26):
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¢(X:Y) cyC
d [ ";g _[x)\? -1y [x
vor % e g (\/c ('E) + sin \l:]

Vo, 1
oo,y M 3 X (42
b/2 b/2

Inasmuch as 1t is difficult to express the geometric characteristics
of the swept wing in analytic terms amensble for use in equation (A32),
the required differentiation masy best be performed graphically. An illus-
trated example of this procedure is presented for the swept wing in fig-
ure 18, and the manner in which the sidewash velocities existing in the
fleld are falired to the estimated chord-plene velocity is shown in

figure 19.

Further studies of the sidewash-velocity variation with vertical
distance made by increasing the mmber of spanwise horseshoe vortices
also indicated more realistic characteristics except for vertical loca-
tions very close to the wing chord plane. These characteristics have
previously been reported in reference 22 for somewhat different circum-
stances. The effects of increasing the number of spanwise horseshoe
vortices on the varistion of sidewash veloclty wlth verticael distance
are shown for the unswept wing in figure 20.

The flow-fleld charsacteristics due to the lift-induced velocities
may now be determined by

(a33)

o= - tan~ —Y——GL——-—- (AS,-I-)
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9 Ug Va Vg
— =14+ = + | = +|—¢C (A35)
%\ et Tiwg E) tweg T

Combined Effects

In order to determine the total flow characteristics, it is nec-
essary to combine the lifting and nonlifting velocitlies. The total flow-

field characteristics may be written as

AR !
e = tan-1 v — (a36)
1 + p- +VCLCL
s:LnA+-—CL
= ~ tan”™ (A57)
uscosA ug
q: ug uy 2 W, 2 v, 2
a e
—_—= — _— —_— —_— 8
= (1+vcosA+VCLCL) +(VCLCL) +(V0LCL> (A38)

In order to eliminate errors involved in estimating the 1ift-
slopes of the wings under consideration, the comparisons of theory with
experiment were made at the same 1ift coefficient. A comparison of the
theoretical flow fields with experiment, under lifting conditions, beneath
the midsemispan location of the sweptback wing as calculated by equa-
tions (A36) to (A38) is presented in figure T(Db).
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Effects of Compressibility

In determining the first-order compressibility effects on the flow-
field characteristics, the three-dimensional Prandtl-Glauert transforme-
tion, &8s glven by reference 18, mey be used. The general computational
procedures involved in this transformation have been stated very simply

by Dr. S. Katzoff of the Langley Laboratory and are presented in the
subsequent discussion:

The incremental velocities at & polnt P on the surface of a
thin body B in compressible flow maey be obtained in three steps:

(1) The x-coordinates of all points of B are increased by

the factor l/ﬁ, where B = u 1 - M and where the x-axis is in
the stream direction. This transformation changes B into a
stretched body B'.

(2) The incremental velocities u', v', and w' in the direc-
tion of the x-, y-, and z-axes, respectively, at the point P' on
B' corresponding to the point P on B are calculated as though
B' were in an incompressible flow having the same free-stream velo-
city as the original compressible flow.

(3) The values u, v, and w of the incremental velocities
at the point P on the original unstretched body B 1in compres-
sible flow are then found by the equations

u = —l— u' (A\39)
32

v= -]-'-,v' (ako)
B

W= % w! (Ak1)

It is pertinent to note that the result of step (1), that is,
stretching the wing chord, causes the transformed wing to have an
increased angle of sweep, a decreased aspect ratio, a decreased thickness
ratio, and a decreased angle of attack. The relationship between the geo-
metric parameters of the given wing in compressible flow and its trans-
formed equivalent wing in incompressible flow may be expressed as
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j_:.'. = % (ak2)
S=8Z (al3)
L (ak)
A' = A (AL6)

A' = tan"l(ti:—é) (ak7)

a' = Ba (a48)

The perturbation velocities in the field due to the transformed
wing in incompressible flow, as indicated by step (2), may now be cal-
culated by the methods mentioned previously in this appendix. It should
be noted, however, that, although the chordwise and spenwise locations
of interest remain unchanged in the transformstion, as- indicated by
equations (A42) and (A4S5), the vertical locations of interest move closer
in percent of locael chord to the equivaelent transformed wing chord plane.
(See eq. (Al3).)

In accordance with step (3) of Katzoff's general directions, the
perturbation velocitles due to the transformed wing may now be resolved
into their final form by equations (A39) to (A41).

A few specific observations, supplementary. to the foregoing general
procedure, are eppropriate inesmuch as they may somewhat reduce the nec-.
essary compubtations.
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Nonlifting case.- If the first step of the transformation, that is,
stretching the plan form in the x-direction, which is shown for the swept
wing in figure 21, is assumed to have been completed, it may be observed
from equation (AWl) that the thickness ratio is reduced by p. Also, if
it is noted from equations (A39) to (A4l) that the perturbation velocities
must be Increased by inverse fumctions of B, it is apparent thet some
beneficial (time saving) cencellation effects might be realized. Care
must be taken, however, that the correct relationship between corresponding
vertical locations are used (eq. (A43)).

In view of the foregoing discussion, it is readily seen that the
downwaesh velocity W remains unchanged since the reduced thickness effects
(eq. (A44)) are canceled by equation (All). The downwash w at loca-

tion - -;-‘-g below the wing in compressible flow is then equal to the

downwash w at a location -z/c below the wing in incompressible flow.
This simple transformation of vertical locations is possible since the
downwash velocity at zero 1lift is independent of the wing sweep angle
(as shown previously in this appendix).

In the case of the backwash and sidewash velocities, although some
cancellation of the thickness effects are realized, a simple transforma-
tion of verticel distances is not immediately possible since these velo-
cities are also a function of the transformed wing &weep angle (egs. (A8),
(A9), and (A4T)). Some saving is possible, however, by comsidering equa-
tions (A8), (49), (A39), (A40), and (AWT), and noting by use of equation
(A4l) thet wug' = Bug, from which the following mey be deduced:

_ sin A'
V= ug sin A (ak9)

ug cos A cos A’

u= B o085 A (A50)

where again the corresponding vertical locations in compressible and
incompressible flow (as given by eq. (A43)) must be observed.

With the perturbation velocities now determined, the flow-field
characteristics in compressible flow, for subcritical Mach numbers, for
nonlifting conditions may be found by equations (A10) to (Al2).

The calculated first-order zero-lift compressibility effects, for
a subcritical Mach .number of 0.8, on the flow-field characteristics
beneath the midsemispan location of the swept wing are presented in
figure 11.
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Lifting case.- In calculating the effects of compressibility on the
lift-induced perturbation velocities, it is necessary to follow only the
general outlined procedure. The perturbation velocities at corresponding
verticel locations (given by eq. (A43)) may then be expressed, by use of
equations (A22) to (A24) and (A39) to (Akl), as

Ug 1 ug'
o ? o (o)
Va _ 1 V'
7o " 8 Vo (852)
Va, 1 Ve

= = A53
o~ B o (453)

If comparing the effects of compressibility on the flow-field char-
acteristics on a constant o basis is desirable and the calculations
‘are performed on the basis of unit 1ift coefficient, as it is generally
convenient to do, some care must be exerclsed in the lift-coefficient

reduction in order to obtain the proper «.

Since
o' = (Cgg)'a’ (a54)
then substituting equation (AL8) into equation (A5Y4) gives
o' = (Cry,)'Bo (a55)
where (oLa)' is the lift-curve slope of the equivalent transformed

wing end is not to be confused with the true compressible lift-curve
slope.
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The equations for the perturbation velocities (A51) to (A53) for a
constent o comparison may now be expressed by

Ug 1 ua.' t

(v) o=Constant ) E Vt:L' (CIU') ¢ (8¢)
va) . vy' .

<—V- a=Constant ) VCL' (OLG’) " o
W ’ Wy ' .

(_‘?)cx:(lonsta.n‘b ) @(GLG') ¢ (#59)

The calculated compressibility effects, at constant o, on the flow-
field characteristics beneath the midsemispan location of the swept wing
calculated by the aforementioned equations end combined with the zero-
1ift perturbation effects are presented in figure 11.

If 1t 1s desired to determine the calculated effects of compres-
sibility on the flow-field characteristics on the basls of constant 1ift
coefficient, it is necessary to decrease only the lift-induced perturbe-
tion velocities at constant a, as given by equations (A56) to (A58), by
the retio of the incompressible lift-curve slope to the true compressible
lift-curve slope.

The compressible lift-curve slope of the swept wing used in the
present peper was determined from the equation

czmA

CLg,M = = = (a59)
i}g’. + (__A—_> + <.cz_a‘) - ( _AM)2
i€ cos8 “Ag /2 3

This expression, which was developed. by Edward C. Polhamus of the
Langley Laboratory in 1949, is an improved version, with regard to low
aspect ratios and compressibility effects, of that presented In refer-
ence 23. Another, but somevwhat more complicated, form of this equation
has been independently developed in reference 24. With regard to the
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use of the sweep of the half-chord line in equation (A59), a recent
unpublished analysis by Polhamns indicates that there is little effect
of taper ratio for wings having the same half-chord-line sweep angles.

The calculated compressibility effects, at constant 1ift, on the

flow-field cheracteristics beneath the midsemispan location of the swept
wing are presented in figure 11.
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APPENDIX B

DOWNWASH, SIDEWASH, AND BACKWASH FUNCTIONS DUE
TO A UNIT HORSESHOE VORTEX
The positive directions of distances and velocitles used in deter-

mining the induction characteristics of a unit horseshoe vortex are
defined in the following sketch:

Downwash Equation

The downwash velocity induced at a point in space is given by the
following equation:

Vg r
—= F (B1)
v w

e e e — ———— -
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Some identities, due to the symmetry of the aforementioned equations,
which increase the useful range of table III are given by

F‘W(e{-, -NL-, ﬁ) = Fw(éc;, - g_ _éz_)

8 8 B 8 s’ s

wE T -9 (55)

8 <3 s
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and

(B4)

1]
&
/I\
&
]
)
!
°k

Sidewash Equation

The sidewash velocity induced at a point in space is given by the
following equation:

Vg, r

=

kel 7 B5
Vo hxvs (25)

where
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Some identities, due to the symmetry of the aforementioned equations,
vhich increase the useful range of table IV are given by

]
F(mavAz)=F(m: &y Az)
Yis? B8’ 8 V&s’ "8’ " T8
--nfE -2 ) =0
=-F =y &
Y\s’ s’ s
/
and
F(&AvAz)_F(Ax oy Az)
iy R R
- Fv(. &N éz_); (28)
S 8 s

Backwash Equation

The backwash velocity induced at a point in space is given by the
following equetion: )

' % B llast Fu (9)
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where
£z & 42 o _a
Fy = 5 : 5 _ 8
2 2 2 2 2 2 2 2
I
& e e ey
8 s 8 8 s 8 8 s
(B10)
Some identities, due to the symmetry of the aforementioned equa-
tions, which increase the useful range of table V are given by
)
P& & 2)\_§ [ X & L
Us? s’ B s’ 87 s
Inc Ly Az}
o % -2 ) (z12)
= F g _.@. éZ_
u S’ S" P
/
and
N
Pl N 2 _p (X 4 &2
Wweg? s’ " 8| "u 7 " 8? T s
=F (X .y & .
"‘Fu(s: s’ s) } (Bl2)
- i Az
—-Fu(s’ s’ s)
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TABLE I.- FUSELAGE ORDINATES

NACA TN 3738

«3201—>

Ordinates, percent length
Station Radius
0
3.28 .91
6.57 1.71
9.86 2.4
13.15 3.00
16.43 3.50
19.72 5.90
25.01 h.21
26.29 4. .43
29.58 4.53
32.00 k.57
T75-3% k.57
76.69 k.5
79.98 .38
83.26 .18
86.55 3.95
89.84 3.T2
95.13 3.49
96.41. 3.26
100.00 3.02
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mn.-smcmmorﬁm—mmnvm
EBENEATH THE SWEPT-WING MODEL EY USE OF
EQUAZTONS (A22) TO (A2%)

[ * 7
y/-g.u 0.5 L= 045 3= -0.10
aln Q:w &|la| r [OxB®] & [0xQ| 5 |®@xO
O 00| © @ ® @ Q@

; 0.1592 :g.zg t -0.06089 | -0.00969 o.gggg 0.0015% | -0.01057 -o.gg:lge
dHE EHE IE-IFF 1E |
% 0.2285 -o.g g ~0.45168 | -0.10321, | 0.313% | 0.07218 -o.m; -o.%

a -28;’ - --m —.Oai“ Qws - -.16” -
3 .2265 | -1.10 2| -.25501 | -.03%98 .08612 33% 10022 | -.02290
y .2285 | -2.50 2| -.10915 -.3& 01779 ooso7 | -.03335 | -.00762
1o 2.2 (4] 3.38626 0.91260 | o o -0.08891 | -0.02396
2 . 1.8 ol 3 &%7 92631 | © 0 -.13266 | -.03575
3 ; 25 90| o 3';850 ; 1.0203% 0 0 -.6153261532 -.m:.eaoo

. -.50 o] -. - - | -
1 | o.2915 | 440 -2 | -0. -0.26432 | -0.6889% | -o. -0.00909 | ~0.00265
2 2915 { 3.90| -2 -.g’?;‘? -.26158 | -.68762 -.5'333 -.01197 | -.003%9
b 3 2905 | 2.80] 2| - ?9:& -.25056 | -.67932 | -.196802 | -.02599 | -.00758
1 2915 q0| -2 | -.63%79 | -.1850% -.g?t&a -.25882 | -.13126 | ~.0h001
1 | o0.2915 | 6 -4 | -0.23453 | -0. ~0.0675% | ~0.02009 | -0.00221 | ~0.00066
5 |2 2975 6.3 <4 | 23223 | -. - - -.00260 -.m

3 2975 | 48] % --ﬂ - - --0196; -.007 | -
B | o5 | 230 4| - =058 | - osaé -.01733 | -.0073 | -.00319
2 {02975 | 6 -6 [ -0.09735 | -0.02807 | -0.028%. | ~0.00345 | -0.00043 | -0.000%3

¢ |2 2975 s.g £ ] -.09579 | -.028%0 | -.00826 | -.00%43 | -. -
E ~2975 2‘5'3 2l : % ZloxfL | - gﬂgg :'m Z:00383 | -.00025

1o hbo| -8 |-0.04652 | -0.01336 | -0.00668 | -0.00195 | -0.00133 | ~0-000;

7 |2 g:lg 390 | -8 | - -.0137 | -.00648 | -.00089 | -.002h% | - oooeg
z .gg 2";.8 -g =0 | -.01218 :,.ggrtgg :.ooJ:rh -_-.00157 - 00049
.2695 | 2.20 | -10 | -0.08% 0. ~0.00268 | -0. -0.00095 | -0.00026
8 ; 0.2695 1.8 | -10 -.ﬁ -.g%{. -.00257 -.% ~.00097 | -.00026
. 20 | - -.ggzgg ~-.0023L | -.00062 | -.00100 | -.00027

2 % -0 | -10 | -.0182% | -. ~00175 | ~.00047 | -.00200 | -«
2285 .10 | ~12 | -0.03380 | ~0.00%m3 | -0.00115 | -0.00026 | -0.00058 | ~-0.00023
é ° 2285 ‘? -12 -.&1? -.00%07 | ~.00131 | -.00025 | -.00058 | -.00013
9 ; gg. -tg 22 | -o263 -.00289 | ~.0000L | -.00025 | -.00058 | -.00013
1 |o.as2 |-2.50 | -4 | -0.00849 | -0.00135 | -0.00058 | -0.00009 | -0.00036 | -0.00006

10 |2 ~2.60 | -2% { -.008%5 | -.00133 | -.0003% | ~-.00009 | -.000 -
2592 {-3.30 | -1 | -.co0800 | -.00127 --w ~00008 | -.000 -+00005
3 .1592 10| -4 | -.0o784 | -.00128 | -.00083 | ~.00007 | -.00033 [ -.00003

*fhe vertical distence z/c = -0.10 is idemtical with Az/s = -0.5 and is constant for this table.




TABLE ITI.- DOWNWASH FACTOR F, FOR VARIOUS VALUES OF th/B

() Azfe = 10.50

/e 0 +2 + 46 8 Ho| 2 +14 +16 +E +20
xfn
+ 00 + 1.60000 = 47568 |~ .12630 |~ .05589 - .03136|~- .02003|- ,0i351]|- .01022)|~ .00782 | .0061B|- ,Q0300
+ .30 + 3.09616 |= 52367 j~ 13283 |~ .08778 |- .Q3215|= .02043)1- ,01415)- ,04036|- .00792 |- - .00625 |~ .0O05QS
+ .40 + 3.78220 = 57037 | .13929 |~ .03967 |- .032%4| - .0208%|- ,01438|- . .Q1051|- .00BO2 |- ,00832 |- .0Q510
+ <60 + 3.90697 |- 61451 | 14568 |- .06154)~ .03373|~ .02126]= .01k61)~ .01066 [~ .QOB1L |~ .00638 |- .00515
+ .80 + 3.838TA |~ 63305  J15iB8 |- .06339|= .Q3451|=~ .02166|- ,0i484]~ .01080(|- .0082%1 = ,00643 |- .00520
+ 1.00 + 373333 = 69141 |- «13787 |- ".06322]|~ .03329] ~ .03205)~ .01307]- .01095|« ,00831 ~ .00852 |- .00528
+ 1.40 + 335740 1= 75119 b= .16917 - .06878 |- .03682|- .0228al- .01553)- .01124l- .008%50 |k .00666 |- .0033S
-+ 2.00 + 340736 |- 81332 |- .18406 |~ .07380|~ .03503|- .02400|- .01621|- .O1167|- .00879 t 00686 - (00330
+ 3.00 + 3.30187 [-. JH7110 - .20322 |~ .QB116 )= .QA246| = .02584]|- .01730|= ,01236]|- .009 .00719 - .Q0373
+ 4,00 + 3.25947 [~ .90028 - .21648 [~ .08713 (- ,0A343|~- .02753]- .01B33(|- ,01303(- .00972{- .00732 +00399
=+ 3,00 + 3.2387h |- 91645 |- = J0919C |~ ,Q4807] =~ .02505)j~ .01528 )= .01366|= .0101§}- . ; +00622
+ 6.00 + 3.28716 [~ .92616 - .281B85(|- .09360|- .0%026|~ .03040{~ .0201%|~ .01423|= .01057 (- .00B13 |- ,0064k
+ B.Q0 + 3.21343 |~ 93655 | .23952|- .10072 |- .05360| = .03260|= .02i6%)= ,01330)|= 01132 ,00865 |~ .0068¢
+12.00 + 3.20694 - (DAAS8 ~ 24622 - 10393 |~ .057A9|~ ,O3B4T|~ .02376|= .01éBT|~ 01232 |- 00964 [- .00758
+14.00 + 3.20508 [~ 94635 |~ .2A4762 |- .10730|- .0%862]- .O363B)|- .C2hA9 |~ .017AS|~ .01297 |- .COS9T L .00787

& 3420389 [= SR750 |- .Q4EBY |~ 10829 |- ,039A3|~ 037061~ .02505({= ,01791|= 01333k ,01028 |- ..00813
+18.00 4+ 3.20308 (= 94830 ~ .24964 |~ ,10893 |~ .06004l~ .0373B|= .02549|= ,01B2% |~ .01367 |- .01053 |- .OOB3S

0. + 3.2024% |= ,L9A887 |~ 225019 [~ 10944 |~ 06049~ LO3799|= 02585 |- ,01839 |~ -01393 = J010T77 |- J00B5A
= 00 + 1.60000 |~ J4T366 |- ,12630|- .093E9 |- ,03136|- .02005|- .01391 |- .01022)- ,.0OTB2 } .0O6L8 «00300
- 20 + 10384 |~ ,43768 |- « 11978 |- +0340Q |- ,03057|~ 10196~|- 201368 |- ,0LQ07 |~ -ODTTQ = 00611 |- 00453
- <40 - o58220|= «3B80%9 |- 211331 |- 052118 |- -mTE - +01924 - «01345 |- 00992 |~ -00762 ~ 00604 - ,004590
= 60 = oT0697 |= (33684 |~ 10655}~ 05024 |- .02900)|~ .O1BBA[- ,01321|- .009TB|- .00733 | .00%97 | .0OQ4B%
= «B0 = o53TA[+ ,29639 [~ 10075~ L0483B|- .02821|« LOi1BA4|~ .0129B(~ .00963 |- .00743 [ .00350 - .0DASO
= 1.00 “ o333331- 20904 |- LODATA|- 04636 |- .02744)- J01804)~ L01275) .QO%45 |- ".00733 |- .0OS83 - .OOATS
= LeAD = «3770(- 20021 - LOB3A3 |- .04300|- 02591~ .01723|- ,0122%|= .00%20(|- .QO714| .0O5TO | .00463
= 2,00 = +20736 )= LL3EQA - .06835|- L037971- ,0236%)- .01609)- .O1162|- .QO877T|- .00685 | .00%4% |- .00430
= 3.00 = «10187|- .08023 |- ,04939 |- .03062 |- .02027|- .01426|- .01052|- .00BOT |- .00638 | .00316 [ .00426
- JhOD - lO,’“” - 105107 - 103613 - .02462 Jod u01125 - 001251 - -00950 - .OD'MD - + 00392 |= -00&8& i « 00402
- 9-00 = J0387T4|- L03490Q |- .O2705|- «01988 ]~ ,0L465|~ «011051{~ «00854 |- 100617 = +00348 - .00452 |~ ,00379
= 600 = J02716]- .02319 |- «02Q74 |~ .O0L618|- SOL248)1 = L009T70(~- «00767 |= LO0618 |- 00507 = 00422 [ ,0035%6
~ .00 = 013431~ 01476 |- .01309|- .01103 |- .00912|- 00749 |- .0061B|= .00514l= .QOA32 |- .00367 | .OO314
-12,00 |~ .00891l~ .00677|- .00639|- .003ski- .qpa2al- .goas3l- .oowoel- .oodasl. .oodizl .o027s'k 00243
-14.00 - +0030B[- ,Q030L |- .QDATS [- .00k48 | .QO&11|~- .00372|- .00334l- .00299 |- .00267 | .0G238 F' +00213
=15.00 - «00389 |- .00385 |- «00372 |- -00353 ~- «00329| = « 00304 |- -00277 - «00252 |= 00229 = 00207 |- .00!.38
=i8.00 = «00308]~ .00305 - ,.00297 |- .00285 - .00269)|- .00251|- .00233)- .00213]~ .0019T7 |- .O00181 |- .00165
=20.00 = 00249 |- .002A8 |- ,00242 |- .00234 | .00223|- .00211)|- .0019%|~ .00t84[- .00171 |- .00158 |- .001k6
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TABLE ITI.~ DOWNWASH FACTOR Fy; FOR VARICUS VALUES OF Azfs - Continued

(b) Azfs = 11.00
iy/e

o / " @ o 0 +8 410 18 +1h *16 +18 +20 |
+ 00 + 1.00000] = .20000] = .10769 - .05231] - .03024|~ .01539|= _.0136%|- .01010) .00773 | .00613  .00497
+ 420 + 1.40931) ~ L2036 - .11274] - 05202 - Q309§ - +01598|= 01392 |~ 01024 .00785 = l°°62° }"‘ 00502
+ W40 + 1.74142 - .20851) = .1177%|- .0557 - LO317TA|=- .0203T7|- ,01ai5(|~ .01035 [~ .0079& |- .00627 = .00307
+ 60 + 1.96493 = 21534} - .12270] = .057A%| = .03248|= .02076|- .01437|~ .01033 |- .QOBOA |~ .00834 | .Q0313
+ 80 + 2,09281| = .232419] = 12755 - .05909) - .03322|= .Q2113|« ,01460(|~ ,01067 = .OQOB14 |- .00641 t 00517
+ 1.00 + 24154701 « L23463| = .13228| - J050TH[ - +Q3396]= «02133|= «01383(= ,01082 |- .oggas = 00847 00322
+ 1.40 + 2.17388] = .25770] « .14128| = .06357 = .035A1|= .02229|- ,01%3T7|= .01110 |~ 00843 |- .0Q661 |- .00332
+ 2.00 + 2.14310 = 29048l .15339| - .06B54 - ,03751|~ .02341|- ,01%94(- .01152|~ .00871  .0OSEL | .005A7
+ 3.00 + 2,08544 - 32977~ .16958| = .07530{ - .Q4077|~ .02519|= ,01700|- .01221 |~ .QO9I8 )l .0OT14 f .00571
+ 4.00 + 2.08373| = .33309|~ ,18124|~ .Q8087 - 0A363|~ 02683~ ,01801|- 01287~ .00963 | .0Q746 = 00553
+ 3.00 + 2,03637| = .36707|~ . +18947|~ .0B%32] - .QAS14l= .0283i|= ,01894(~ .013A5 |- .01005 B .00T77 - .00618
+ 6.00 + 2.02%94| - .37585| - ,159530| -~ .0BIEAl - .QAB35|~ .0235962/- ,01980 (|~ .01407 - .01047  .00BO7 |- .00640
+ 8.00 + 2.,01503|« .38560| - .20257|~ .09375] -~ .Q314%|~ JO3178)= 02126 |- .01310 = .01121 | .00H62 | .00682
+12,00 + 2.00683| = .39331|- .20507]~ +05883| ~ -05530 = Q3439w 02335 |= .01665 |- 201239 |- L00953 - 00753
+14.00 + 2,00504| =~ .39504|~ .21063|- .10017|~ .03641|~ .0334%|~ ,02307)- .01723 = .01285 - ,.00950 | .QO782
+16.00 + 2,00387]~ .39618|~- .21169[~ .10111|- .05721|~= 03616{= ,L02482|~ ,0176% | 01323 |- .01020C |- .00808

8.00 + 2,00306] - .39697|~ ,21243|- .10178|= .097Bi|= .03668|- .02507]= .01806 |» .01354 - .0LO47 [ .00830,
+20.00 + 2,00248| - ,39753|~ .21297|~ .1022%| - .05B26|- .03T708|-~ .02542[= .01836 | 01380 | .01069 |- ,00849
- 00 + 1.00000 |- .20000 = .10769 |- .05231 |- 03024 . .o18% |- .0136% |- .o0t010) .00775 «00613 |- 00497
= .20 + 439060 |- 196351~ .19265|- .0%060]|- .02950 [~ .01920 [ 01347 [- 00996 |- L0075 [~ .Q0SOT |- 00493
- 40 + J28853 |- .19145 |~ .09763 |~ .oaE90|- .02878 |- .01881 |- .01324]- 00981 - .00758 |- 00600 |- 00488
= 60 4+ 03507 |- ,18466 |- .05269 |- .04730|~ .02600 |- .O1343 |- «01301 |« Q0967 |- #00746 [- 00¥93 |- OOAED
= «80 - ,09281 |- L1758 |- L0878k (- 04333 |~ .0Q2726 [~ .OLE0A [~ 01279 (= 00932 |- ,00736 [~ .00586 [~ 00478
= 1.00 - 13470 |- .1683T |- .08311 |- .04387|~ .02633 | 01785 |- <01256|= .00938 |- 00727 |- 00579 - .QOAT3
=~ 1.40 - +17B88|- .14230| .074i1 |- .04063|~ .02308 t +01669 |- 01211 ]~ -00910t + 00708 | (00566 |- 00463
= 2.00 - o1X310 - 10952 [~ L0619 - 03607 |- 02298 Q1577 |- 01145~ .00887 00679 = 400346 ~ ,00448]
= 3.00 ~ +08344 [« .07Q23 k «04381 |- .02833|- 01972 | .01399 |- .01038|- .00799 |- .00633 |~ 400513 |- « 00424
= 4.0 - 08373 (- .o4691 |- .03ai5 | .02373|- .0l68A [ .01236 |- .00938(- .00733 - ,.00387 (- 00481 - .00400
= 3.00 « J03627 |~ .03253 |- .0239L F .0192%9|- .01433 | .01083 |~ 00843 |- ,00671 |- 00544 |- .00430 «00377
= .00 -~ J02994 ) 02405 .02008 F 01576 01224 F Q036 |- 00739 (- .00613 |- 00505 |- ,00N20 |- «00333
= B.00 S L0130 F .01k%0 - .01281 b .01085(= .00900 | .OQT4l [ +00612|= .00510 [- .002% |- ,00363 - 400513
=12.00 -~ .00683 L .o0669 | .00632 | .003T9|- .0051§% | .00455 |- +004C4 |- .0Q33X |~ ,00311 |- .0027A.- 00242
=1k, = +00304 t « 00456 t +ODATS | .00449|- .0040% | 00370 |- +00332]- .00297 - .00266 E «00237 |- 00213
=18.00 = +0Q3BT +00382 200370 - +CO331 (- 00327 ¢ 00302 |- 200276 |» 00291 = 00228 « 00206 - 00187
~18.00 - L00306 b 0030k b .00256 | .00283{~ .00369 F .003%0 |- +00232|- ,002i4 M L0197 |- 00180 «00163
"20!00 - -00245 = (00247 ._002!1 - -00233 - 00222 !00210 = +00197 [~ 00184 - 000171 = '00158 + 00146
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TABIE ITI.- DOWNWASH FACTOR F,, FOR VARIOUS VALUES OF Azfs - Continued

(e) oazfs = $1.50

+0 +*® 4 + +8 Ho} 12 i +16 +18 +20

+ + ,61538]- .04103f- .,08348]|- ,04650]~ ,0Q2B48|- .01886]- ,01334|- .009%i|~ ,.OC764)~- .00606)- 00493

P (D s SRS Bl B ShE: S mnc S e
+ 4+ 92843~ ,01837|- .0B964|~ .OADTT|— . - bl - - e - 9 bt |

.* 4+ 1,0%5170(~ .00982|~ .0928B4|~ ..05120|- .03052|= .Q1996|~ .01359|~ .0L032|- .00792|~ .00626!- .00S08

+ + 1,14570|- .0034€|~ .09401]- .05281)= .Q3119}~ Q2Q33l- .01421]- .OLOASl~ .0QBGRI~ .0Q633)- .00512

+ + 1.2128014+ 000801« .09913(~ ,05401]- ,03186]~ .0206%|- .01443|- .01060]~ .00Bi1)~- .0O6A0)- Q0317

+ + 1.23“21 + 500176 - .10521 - 10567, - -03319 - 0021“’. = L01ABS]| = .01088]« .00B3Q|~ .00653 = L0527

+ + 1.31017]- .00602)- .11372|- .06066|~ .035Li1]1« .02247|= .0154%9!=~ .01129|~ . 58= 00573~ 0054

+ + 1.29524 (- .02%40|~ .13586|- ,06651)|~ .0381i|l~ .024i5|~ .01832|~ .01196[= .00903}- ,OOTO3|« ,0OS63

+ 4 1.276331~ .ox120]~ .13%2al- ,071{a3|- .0A078|- .02570|- .O174%j- .01260|~ .009A7]- .00737]~ .003B9

+ + 1.,26333[~ .,09212(= .14222|= .07344]- .04310|- .02711|~ .0183%|- .01320/~« .00990|= .OO7TET|~ .OOS12

+ + 1.25482]|~- .09932|~ JIAT3S)- LQ7866|- .Q4I0R{- .QRE3T|= 01922}~ LOL377)~ ,01030}~ ,OOTH7}= .QOG34

+ 1,24517|= .06823|-= .13400]- .0B325|- ,QaBlg|- .0Q30m4|~ .0206k(~ .01a77|- .01103|~ O0H31]- .00675

+ 1.25746|= 07549 |~ .16015|- ,08810|- ,03184)j- .Q331E)]~ .02268|~- .01630|- .0121%)- .00%4l]|~ .OQ7A3

+ 1L235Th|= 07716~ .16167|- .089AL|- .032%2]- .Q3406]= «0233Z|~ .01686|- .01364|~ .00977|~ .00774

+ 1,2346G|= .07827]|~ 416270 |- 09033}~ ,033TL|= .034T2l= .02393|= ,01732]» ,01301|= 01007~ .00795

+ 1.,23381|= L07904|~ +16343|- ,05059|= .0BA30|= .03333|= 02A3T|~ .OQ1768|~ 013321~ .01033)~ .DOB2L

+ 1.2332k|~ .07960|~ 163961~ ,09149|~- .Q54TA|=- .03363|~ .02471|~ .01798|~ ,01338|- .01055|-~ .00840

- + 61538~ 04103 |- .08318 - .0ae90]- .oassel- .o1886[- .o133a[- .ooesil- .oo7enl- .00s081- .0OAs3

- + e45125 1~ ,05280 |- +Q7993 |- LO04346|- .027BO|- .OLEA9|- ,LO1312|- LOO9TT|- .00734]- .00600|- ,QD48S
- + 30232 |- +06348 |[» 07672 [ ,0R403 |~ «Q2711 }=- +01812]- ,.01390]- -m63 - 00745~ +009931=-

- + 17907 |- 07223 |- ,07332 |- ,04260|~ .026h4|~ LOLTIS|- +01268|- .OO9AS|- .0073%|- .0Q0385|- ,00478

- + .083071- .o7ms7l- 07033 .omM115l- .029761- .01735)- .ot2a7l- .ooesal- .oo7ogl- ooBmal-  CooaTx

- + 01857 [~ 08245 [- .06T23 | .0357%|- .02505[r .01703[- .o01225|- .00521|- .00787|- .00573|- .00A68

- = +05344 |~ <0838l |~ 06115 | LO3708)|- LO2377)~ .Q1631) .01182|- .00893]~ .00698|- .00360|- ,0043%

- = J07T24Q |~ 07604~ .Q%264% #Q5315 |- 2184\~ 01525~ LOL1118]~ 00852|~ L00S5TO|~ 00340|= .OOAN4

- “« «06447 1~ .05663 ) .04051 | .02729l- .01825)1~ .01337)- .01016]- .007Rel- .0082sl- _ons07l-.  _poaon

- - IO“S“ - -0"085 r‘ «035112 |- .0225'! b .016’.8 d -01201 ~ 00913~ 200722~ LO03SEQ|-~ .00476]- + 00387

- = +03236 |~ 02993 - 028514 [ LO1856(- .01383|- .01060]~ .00829|- .00661|~ .00538|- .00443|- ,00374

- - #02809 |- ,02254 |- ,LO1500 |- ,O01514)- LOL18T |~ ,00935) .00746)- .00503|- .00453)- .o0416]- ,00352

- - J014K0 [~ .01382 k- .01236 L .010351- .0087S - .00727!- .00c03l- .ocotok|- .ooassl- .0o03e2l- [oosii

- 00669 |- .006%6 |- .00621 | .oo0970]- .00312)- .o0A34} .00M0O|~ .00351)|- .O0308]- .00272]- .0C2h0

- 000.91 - ‘00‘9 = .06&69 ™ 000.39 ™~ -00&0# [~ -00366 -005‘29 - «00293 1= -0026'1 - -00236 - -00211

= «00383 b~ Q0378 |- .O036§ |- .00347 |- .00323 |- nOOSOO; +002T41~ .00290]- .00227)- .QO205]- ,OD186

- 400504 b .00501 |~ .00293 | .00281 |- .00266 I~ .02k .00231l- _002i3l- .ootecl- (00178 l- ln;isa

L= «0o2a7 | ,002a3 | .qoz30 | .00231 ) .002p1 | .00 |- .00196|- .00183)- .00170)- o00137]- lo01aé
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: TABLE III.- DOWNWASH FACTOR F, FOR VARIOUS VALUES OF Asz/s - Continued

() 2=/s = +2.00

/s

bg/. +0. 2. +h. +5. +8. +10. +12. +14. +14, +18. 0,

+ .00 + <0000 [ 03077 = .OBB36 |- .04034|~ .02619(|- .017B8 |- .012B§|- ,00954{- .0074B]- .00357i- 0048
+ .30 + 47974 |+ JOALEL |~ .08993 [~ 04145 |~ .02679|- .01832 |r .01306(- ,00978|~ .00757|- .00603|- .0045%
+ .40 + 35505 [+ .OSB1E = ,06132 |- 04358~ .0273%|- .018% |- .01327|- .00991|= .00766|~ .0Q0610(- .O0049%
+ .60 + 622551 107033 & 06311 L= (043701~ 027981~ 01850 1- 013471- 010041~ .ODT76[= .0081i8]- 00501
+ .80 + 67994+ 08084 = 06471 |- ' 04480 (- ,02858]- ,01923 |- ,01368)|- .0IOLE|~ .00785|- .00623|- .00306
<+ 1,00 + 272660 4 JOBD3D (= 0663k [~ .0459C|= .02917|- 01957 [+ .01388]|- .01031|- .00794|- .00&2%|- .00310
+ 1.40 + 79038 H 10132 |- (06962 = .O04805 [~ .03033|« .02023 |-~ ,01489(|- .01052|- .00812|- .00642|- .00320
+ 2.00 + B3FIIH 10794 [ 07457 | L0S118 (- .03203|- .02121 |- .01489]|- .01097]|- .00B3s|- .00661|- .00%34
+ 3.00 + «BAROT - L1039K [~ .OB24T [~ .03393 |- ,0346% |- 02277 |- .01587|- .0ii61]- .00BB3|- .00693|- ,00528
+ 4,00 + oBIGKNH .0P538 |~ LOBDI0 [~ LO6008 [ .O370B|» .02421 |+ .01679|- .01223(~ .00926(- .0072&|- .00331
+ 3.00 + JE2B811 4 .O87BC |« .O9k82 |- .06354 (- .0391%|r ,.02553 |+ .01764(|- .012B1(~ ,00987|- .0075&|= .00503
+6.,00 I+ B21674+ .02200 - .09911 b .066381- .04101l- 02671 |- .O018a3l- ,pi1338l- [0io0sl- Lo678xl-  .oos23
+ 8.00 + JBL356 M+ JOTASO [» 410494 = 07034~ .0A3B8 |- 02868 |- .015B0|= .01433|- .01077|- .00835|~ .00565
+12.00 + JBOS3R H 06793 |» 11063 - 07510 (= .04737|> 03130 |» .02177|- .01582|- .01151|~ .00924|- .00734
+14.00 + BOAET [ 06634 |- 112111 LO7636 |~ .OkBA1|» .03218 |- .02246 |~ ,01637|- .01235|- .009%9|~ .00763
+16.00 + WJBO3TT | L06327 [ 11310 07725 .0491F|r .03280 |- ,L02300|~ ,01681|« .01272|- .00989|- .00788
+18.00 + 30300 |4+ 06451 .113E1 [ .07790|= .OA976 |~ 403330 (r .02342|- .0L717[|« .01302|= .01013|- .00805
+20.00 + 80244 (+ 08356 [» L1143k [ .O7EBE[|- .05020|+ .0336% |~ .02377)- .OLTA7|= .01338|- .01037 T 00828,
- 00 + «A0000 |+ .O3077[- i0JB36 |- .04034[-~ .02619|~ .017B8 |- .OL286[~ .00964[- .0O74B|- .O039T|~ .00485
= W20 + «32026 4+ 01673 03678 |- 03522 |- 02539 |~ L0173k |- .0126% | .00951[- .00739|- ,00390|- .0O433
Y + «24491 H .00335 |- ,05520 [~ ,03810 |- 02500 - .01721 |» ..0124% (|~ ,00937 |¢ .00730|c .00%E&|= 00477
= +60 T ATV |~ 00879 [= 05360 [~ .03698 |- 02440 |~ 01687 > .012041= . 4| 400721 |= J00877|=- (00472
=" .80 + 12006 |- .01530 |- .05200 - ,03587 (- .02381 [~ 01653 |» 01203 |r .00911|s ,00713|= .00870|> .00487
= l-loq + 07340 |- .02798 |~ .O%03B «O3%77 |- J02332|- ,01620 |- .01183|= ,00BS7 = ,007021- .0058k - =‘gg§§2'
= l.40 + 00966 |- .03978 |- .04705 |- .03261 |- .02206|- .Q1553 |= .0i142|- .00871 [ .00684]|+ .00551|= .00483
= 2.00 - 03333 |- .04841 |~ ,04214 [ .02950 |~ ,02036 (- .01456 |- .0i082 |> ,00831 |- .00637|= .00532|= ,0043%
= 3400 T +04407 1= LO0K3A0 (- LO3434 - LO2473 [~ .01770|= 01300 |- 00984 |= .00767 |~ 00613 (|« .00500|= ,.0041%
= 4.00 = 03644 |~ 03384 (- L0274 - ,02050 [~ ,01530|= .0L1125 |- .00852 |- .O0706 | .00570|- .00465(- ,0035%
% 3.00 = «02B11 |~ .03626 |~ 03185 - .0iTih|= .0131%|= .CL023 |- .00BO7 |~ .0064B|} .00329(- .0043%9|= .00370
% 6,00 v 02167 - .03048 |- L01761 - 01430 |~ .01137|> .CO503 |- ".00738 |- .00593 | .00450]|~ L0041~ .00348
= B,00 = 01336 = LOL306 [~ LO1L17T [-. CLDL3 |~ .00B5: |~ .0070% |- .003%1 |- 00496 [ .00419|- ,00338(- ,00308
212,00 |- ,00632|- .00639 [~ .00606 [~ .CO537 |- ,00802|~ .00446 | 00394 |- .00347 |- .00303 |- .00265I- .00239
180U v Q0BT |~ 00480 P .O0AS1 P ,00432 |- «0C357 |- 00361 | Q0325 |- .00292 |= +00261 |- ,00234)~ ,00210
=16.00 = «00377|= .0O373 = ,00361 |+ .CO0343[- ,00321|- .00296 [ .00271 |- .00247 ~ ,00235 (- ,0020%(~ .CO183
=158,00 T 00300 (- .,00297 |» .00Q5C = .0027B(~ ,00263 |- .00246 |~ .0022% [~ .00211 ) ,00194(- ,00178{~ .00143
1220.00 T «00244 [~ 00243 |« .003a37 = ,0022%|~ .0021% |- .00207 | .0049% |- .00182 |- ,00169|- .00156|- .00143
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TABLE ITT.- DOWNWASH FACTOR F, FOR VARIOUS VALUES OF Azfs -~ Continued

(e) Aﬂ./s = 22.50

ata
L
! +0 s o + « s +2 +14 +16 +8 420

/s
+ 00 + .27386|+ .0387%|- .036T2]|- .O3330|~ .02354|- .0187i|- .01226|- ,00931|- ,00729|~ .00%84]-« ,00478
+ 420 + 231983 (4 L0Ti2B)- L03704)|~ LO3410]|~ .02405)- 40170i|- .01246|- .00944|~ .0Q7T3Z|= .00991|= .00433
+ 40 + .36225]4 J0B333 |- L03736|= JO3490|= LO2455|= JO1732]- ,01265)= ,00957|« ,00746]~ .00597|- .00ABS
+ 460 |+ .A0167|+ .O9keB|- ,03773(- .03570(- .02503|~ .01762(- .012BA|- .00970[- .00795[- .00603[- .OOASZ
+ .80 + JA3TIO|¢ 10503 |~ LO3Bil|w 05630}~ .02535|~ .0Q1793|- .013031- .00982|~ .O076k[~ .00610|~ .OOAS7
4+ 1.00 + 46795+ .11A20|= .03856|- .O37R9|- .02605|- .O1B22|- ,01322|- .00995|~ ,00773(- 00616 |~ 00302
+ 1,40 + .SIS;P 4+ J12B67|- .03560|- .03886|- .02703|- .01882|. ,01360|~ .01020|~ .00790]{- .00628 |- .0O0S11
+ 2.00 + J85670|4+ .14146]|~ LONISH |- .OALi8|~ .02BAT|- .01970|- ,0iai6{~ .01038|-~ ,00816|- .006A7|~ .00523
+ 3.00 + JSTBT6)+ 14703 ]|~ LOAST1|- OA479)~ «03075|= .Q2iill- ,01%07)= ,01118|« ,00859]|- ,00678|~ .00%AE
+ 8,00 |+ ,57927[+ .144320~- .08005 - .04803|- 032831~ ,022431. ,01%93|- .04177|- .00500(- .0OTOE|- 00570
+ 5,00 + 57309 |+ 13987 |- .0BA0B |~ .Q3090|= 03469 |= 02364« 01673~ ,01232|= .00939}|= .00T3T|- .00%92
Y0 |4 ororald [i3sTa|- (057a6 |- .02331|- .03631|- .02A73[- loi7as|- Loizss|- .cos77|- loo7es |- lo0aid
+ Be00 F WIOHET |t HIEFTI ™ +UGEST = USGFC|~ oVO0TE|= WYEOLDIe (DIBTT|~ .0i378|= .0i086]= .008i6)- 00653
442,00 4+ 55802+ 12376 (- .0675T[~ .Q611%5|- .QA21i%{~ .Q2%03(- ,[og066|- .01522(~ .01196|~ .QOS02|= .00720
414,00 |4 35647 |+ 12226 |~ 06893 |- ,06208)- Q4319 (< .02967). ,02182|- .01L575|- 01199 00537~ .00TAE
+16.00 + 5554214 12124 |= 08990 (|- .08324|- .Q4394|~ L03030|. . p2i1g8|- .01619|~ .01235|- ,00967 |- .00773
+18.00. |+ JI5REB |+ 12051 |= 07059 |~ LOS3BT|= J0Q44%|= L0309B|- 02927~ ,0i6%4|- .01283|- .009%2|- .0OTSA

0« + JIBh14 |+ J1199B |- LOTi10|- .Q8834]= JO4K92|« LO3138|- ,02260|- .0i6B3|- .012%0|- ,010i3 |- .OOEL3
= 4,00 + L27588|+ .0%879)~ .03672|- .03330|~ .023%%|- .0167i|- .01236|- .00531|- ,00729|- .OOSBA|- 00478
- 20 + 231871+ +04633|~ J036a1l- .03230|~ .02304)- .01640]- .01207|- .00919|- .0072Q|- .Q0373|- 00474
= LA + JABHAR]E L03423]= J0560B]- L03170]- .03334]- LO16100~ .O118B|- ,0Q0908]|« LQO7T1ll]|= .00372]~ QU467
- <60 + «15005|+ 02290~ .03572[- 403090|- .02204)- 01580~ .01169(|- LO0B93|- .00702(~ .00363|~ .004&A
- 80 4+ o11462|4+ .01255(- 03533}~ L030L1|- .OQ2134|c 401345|- .01150|= .O0QBS1|~ ,00693|- 00539 |- .00460
= 1.00 + 08378+ .00338|- 03589~ 402832|- .02104|- J01319]- 01131 |~ ,.00B868]|- .00685|- “.00553 |- .O0433
- 1.40 + .03622|- .01109|~ .03384[- .03773}- .02006|= ,01439|= 01093 |~ .Q0BA3|= +0066T|~ .00540|- +00&46
- 2.00 - 00498]~ ,02388|- +03185|- .02543|- «01862|- 01371~ .OLO3T|~ .0Q805|- .00641|- .00321|- 00432
- 5.00 - .02704 - +02945)~ . 77 - 002152 - -01634 - 001230‘ « 00946 |~ -001.’ - -005‘99 - -00491 - L] m
- “nqg - 09?-_’?! - .qggﬂ - 4023386|- -915_2? - -015?@ - '9!922- -09860 -  +0D6BS]- J00958]- 00461 (- +00336
=« 5,00 =~ o0233T|= 02229~ OL936|~ LOL57i|- .0i23Q|- .O00978|- .QOTTI |~ .O063i|- .005i8)- 004331~ 00363
= §.00 ~ L0L901|~ .0L816|- .0QL399|~ .OL330|~- OLO77|- .0Q469|- 4O -~ 00378 - .Q04B0|- .00404|- 00344
= 8.00 ~ W01257]|- .01213|~ .01106|- 00962)- .008.i7)~ .Q068§]- .00575]~ .00483)~- .0Q0A12|- ,OO3352|- .00304
-~12,00 - «0083Q|- .00618|- .O0387{- .00542|- .00450|- .Q0437|- .00387|~ .0034i|- .0O30L|~ .00266]1- .00236
-14.00 = JO004TS5|= 004681~ .Q0450|- .Q0422{- .0035G|~ «Q0333|- .00320|~ ,00288 - ,Q025%8|- .00232|- «00208
~16.,00 = +003T0|= +00366|- .Q0334|- .Q0337|- .00313|~ .Q0292|- ,00268|~ .00244|- .00222|- . - «00183
-13-00 - .00295 - .00295 - 100235 - .OO?‘H - .00260 - L] 43 - +00236 |~ «00209| - -00192 - 00177 |- -00162
~20.00 = «0024)1 |- L00240}- .00235|- .00227|- .Q0217]|- . S|~ +00193|= .00180)j~ .00L67|~ 4COL35|- .00144
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TABLE III.- DOWNWASH FACTOR Fy FOR VARIOUS VALUES OF Az/s ~ Continued

(£) Az/s = 3.00
/s 0 1@ +4 + 48 +10 +12 & +16 +8 +20

A:/l

+ .00 + 20000+ .08667 |- .01961|- .02637|~ .02065|~ .01938(- ,01198|~ ,00853|~ .00706(~ .00270|- +00468
+ .20 + «22659|+ .07685|- .019508)|- .02687|~ .02109|~ .01363|- .01176|- ,00903|~ .COT14)|=- .00376)~ .O0473
+ .80 + .25250|+ .0BSBO|- .018%7|- .02738|- .02150|~ ,.01558|- .01193(- ,00917|~ .00722(~ .00582f~ ,0QATE
+ 60 + 2771+ .09633]|= 01810~ .02788[- .02150|~ ,01618|- .012ii|- .00529;= .00731|~ .00388|- .00AB2
+ .80 + 29593 |+ .10%2% |~ 01767 [~ .0283%|~ .0223i|- .O1645|- .,01228|~ .00S41|~ .0073%|- .Q0594|~ OQ4BT
+ 1100 + + 32060 + 0113“3 - IOI?:O - .02890 - 002271 - 091671 - 1012“ - 199??3 - 199!@1 - 099§°9 - l??ig!
+ 1440 + J35RB4 |+ 12728 )= LO167T7|~ .0299%|~ .02330]« ,L01734]|= ,01280|=~ .00976|= 00764~ .QUSLZ|~ ,OQUIWO
+ 2.00 + -JISM + -1“15‘ - -01658 - -03“! - 102“67 - 101301 - 001332 had -olo’.’. - -00759 - -°°63° - 10051“
4+ 3.00 + Ja1438|+ 15206 |= .01770|- 03397~ .02653|~ .01926|~ .01415]|- .01068|= .00825|~ .00660|~ .00534
4+ k.00 o+ J41965 |+ 15349 |= 01993 |- .O363B[- ,02829|~ .02043]- ,01494]|- ,01123|- .0086%|- .Q0S8E|- .00538
+ 3,00 4 JALB8 |+ 15165~ .02251 |- .038%9|- .029B87|= .0215i|= .01369|= O1176(~ .00906|- .0071&{~ .0Q579
+ 5,00 + 41625+ 14 » L02498 |~ .04036|- .03129/= .02250|~ ,01638|- ,01223|= .00942|- .00743]|~ .0055%
+ 8,00 + oh11AB|+ .1a348 |~ .02B%6 |~ .04370|= +O3361|= ,02418|~ .0175%|~ .O1314|= .01008|- .00793|- .Q0638
+12.00 + 40804+ 13927 (= 03357~ .047%0|- .03863|= .02651|- .01938[~ ,01452|= ,01115|~ .00877|- .00704
+14,00 4 LJA0460|+ 13787 |- 03483 (|- L04863{~- .03796|~ .02730|~- .02002|~ .01503|- .01137|- .00910|- .00731
+16.00 + 40361+ +136890[= .03575|= 0494k~ .0382%9|= .02750|- ,02053|~- .O1545|- .01192]|- .00939|- .00753
+18.00 + JA0E90 |+ o13621 |- 03641 [~ 05004~ .03882(~ .02837|- .02093|~ .01580(- ,01221|~ .00%64|- .0Q778
420, 00 + JA0238 |+ 13565 |- .03650|- .0%0%0|- .03923|~ .0287%|- ,02126{= .0L180B|- .01243(- ,00885|- ,007%4
- 40O + 220000+ 06667 [~ 01581 (|- L02637|- ,02069(- 01338~ .O01158|~ .O0893|- .00708{~ +00570)~ 00468
- 420 + WJTIMIH 05649 |- 02013 |- .02586|- .02028]~- .O01312]- .OL14l)|- .OQB8i|- .00697|~- .Q0963|- .00364%
~ <40 + L4730+ L04853 - .02064]|- LO2536]- .019B3{- L,O148H~ .0L123|- LQ0BS9[~ .ODGBS |- ,00537|- .

= 60 + L13289H L03T70C(~ .02112|- +02485|- .01948]- LOLA59|= .01106§(- .Q083T|- L00680|- .00%391 |- ,00453
- 80 + JO0OTH 02809 |- .02155|- «02435|- LO01907(- 01432~ .OLOBB|- .QO84S|~ .0Q672(- .00345{- .00430
= 1.00 + JOT40H 01951 |- 02192 |~ .02384{~ .O1867T|- .0L406{~ .01071|- .O0834(~ .00654|- .0033%(- .00446
= 1.40 + 04516 H- »006081- ,02245|- .02282]|- ,01788|- .OL3S3|- ,.0L036|~ .00810|- +O06AT|~ .00327|~ 00437
- 2,00 + J01086(|- +00823 |- .02264|~ .02130|- .01671|~ .0L27§- .OO0985|- .O0OTTH|- .00622|- .00509(~ .OOA23
- 3,00 - J01M12(|- ,01872|- .O02132|- .O01877|- .OL483(- .O1131!- .0090L|- ,LOOTLE|- .00582|- .0C4B0|- +Q0401
=- 5,00 - 201963~ L02016|- 401928 (|- .01636]|- .01309|~- 01034~ ,00822|~ .00663|- .00543|- .004%1]|- .0037%
- 2.00 = +018753|- L01832 |~ .Q1670|- .OL414|- .01130]- ,L00923H - OQTAB|~ Q0610(= 0030%|- .00423(|~ .00358
- 85,00 = «01623|- ,01573|- .0i1424|- .Q121B|- .+01009|- .OOB27{- .QO0678|- .00561)- .O0469 [~ +Q0356[~ LOO338
- 8,00 - +01148|- .0L114f- 01023 |- .00904]|- .OOTTT[- .O0639|~ 00537 - .004T2|~ 00403 |~ <00346(|- .0029%
‘=12.00 = <00604[= ,0059%(~ ,00565 (|~ .00523(~ ,00475]|= .00426]« .00378|~ .0033%|~ .00R96[~ .Q0262|- ,00233
=14+00 = 004601~ LO0Q434|- .00437 |- .OO041l|- .00380[- .00347|- .00314|= .002B3(~ ,002%4|- ,00829 (- .00208
~16.00 - 400361 |- 00337 (- .00346 |- .Q0330|- .,00309|- .OO0287|= ,00264(~ .00241|- .00220|- .00200|- 00182
=18.,00 - +00290|- 00287 (- .O002B80[|- .0026%9|- ,0025%|~ ,0024Q|= .00223|= .00206)~ .00190|- .00175|- .00161
-20,00 = 00238 |- .00236|- 400231 | .00224|~ .OO214|- .OQZ03|~ OO0L51)= L00178|- .00166|~ 00154« .00143
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TABLE TITI.- DOWNWASH FACTOR F, FOR VARIOUS VALUES OF Az/s ~ Continued

(g) 22/s = t4.00

&/ . +2. +iie 5. +8l +10. +12l +14, +1S. +18, +20,
Jd4+ 117684 L06158|+ L00198f~ 01426|- 01491~ 01245 |- ,01002|- LO0BO3{~ ,00650|~ .00534|~ .0044S
+ 12939+ ,08758|+ 00322~ LOL430|= JOL5L3[~ LO1368,{~ ,01016(~ ,00B13i~ 00638~ ,00539|~ ,0044%
% oiknocli Co7amels oomtle .o1a38l- Lei¥dsl. L012877i ,olo30|- 00823 - .0068%|- .003am|- [00as3
+ 15219 |+ LOBOOB|4 J00570|~ LOLA40|- : QL1326 |~ 401303 |~ ,01044|- LO0B33|~ LO00672|~ .00550|=" 00457
+ (1629214 JOB397 = J00688|~ LOLA46]|- 01578 |- .0132“ = 401098|~ +00EA3 |~ L,00480]~ 003851~ ,00461
+ L1731144 091594 0DEDi]- 014321~ .01 ~ «01343 |~ 01071}~ ,00B33|= ,00687|~ ,00%61|- ,00466
+ .1o19gl+ 1017614+ '.010071= .01466)= 01643 |- LOI380 |- ,0L099|- 008731~ .00702/- .00572i- .004TA
+ 21264+ 11396 |+ - .01257|- .01493]~ 01709 |~ .O1433 |- ,OL1K0|- ,00S03|~ ,00724]- ,0058%|~ ,0048S
+ 23393 |4+ 12651 01%06|~ L,013651~ LO4BIB}~ ,L,01325 |~ .0L206|~- . ,00932|~ .Q0759|~ ,00&14|~ ,00307
+  J24309 )+ .13199; J01582|~ L0165T |-~ .01528 : +01611 |~ .01270|~ ,00959|~ ,00794|- ,00642|~ .00327
+ -2460% |+ .13357|+ .01%47(-= .0L763{~ .02028 |- ,01652 |~ .01331|- .ol044|- .00828|- .00667|~ .0034s
+ 24631 |4 L13339|+ .014%8|~ ,O1878]|- .02125%|~ .O01769 |~ .O13B8|- ,01085|~ .00B6O0|- ,OOE92|~. .,00585
3 loukagl+ o1313al+ J0i240|- .02078|- .02297 |- .01903 [~ ,01aS1{- ,01164|- .00919|- .0073E[- " .00601
+ 24073 |+ L12TTLH W00504|~ ,02372|- 02541 F «02100 |= LO1647|~ ,012B87|= ,01017|- .008i5|~ ,00&6)Y
+ 2398804 12656 [+ .0079T|- LO2AST|- ,02634 - 02169 |- LO01703|- ,01334]|- ,01055]- ,008A7[- .0068S
+ J23B69 |+ J12572H  JOOTLT|~ 02339 )= L,026887 1= LU323& |- WUlidl|~" WO1073|~ .01088[~« ,00874(- ,007i3
+ ,23806 |+ .12%09H ,0059B|~ .02594|- ,02735 |~ 02267 |~ JO178%(|- LOLKE|- .O1116(~ ,LOOBST|- ,00732
+ .o37sgl+ S12as2l+ .o0si3|- Lo02636|- .o2178 )~ .03302 |- .01819(- ,0L433|- .01139|- ,00917|- °.00730

T e st 1 bddtdttttt

3
g
3
2

arresfy ostishe ooueal- wouaas) ot oizie |- olgoal .om3- Jo0ex| .oossal- .cowss
21UDFL T LUINTDBT +UUUDD|™ JULRAL |= SVINOTF [T sVioow WVVIOU [T GWW I P 1T e VUDMI [T sWI&D = ZUU4AU
09434 [+ LORBAS [= J00057|~ 01417 [~ 01447 [~ 01312 |- 00974~ LOO7BI |~ ,00636 [~ ,00923{~ .00436
08310 [+ .04230!- .00179|- .o1aiz|- .01426 [~ .01193 |- .0096i}- .00775|- .00628 | 00317~ ..00432
07234 [+ 103639 |- .0029B|~ ,01406 |- .01404 |- JOLiTA |~ 00947 |- .00763 |- .0062L | .00512|- ,00428
0821514 030751 .o0ALL = .Otaoole (o1lma b Jotisc l- .ooemzl _oorszle ogeizl [oo307l-  Jocaoy
soat0z2|+ o260 - i00sit|- .oidss|- .o1338 | .01319 |- .00s03 |- 00733 |- .008s5 | “lo0kse|- .00ats
"0226¢ |+ .00Bk0 |- .00867|- .01386]- .01273 | .01063 |- .00853 |- .00703 I~ .003TT [~ .OOATS (- °.00403
00136 |- .00a18 |- .01116|- .01287 |- .01164 [ .00574 |- .00758|- .00654 |- .00%4i |- .004%2[- .00382
oo77el- Togesale oiteil. loiisml. 01087 I~ .ooms7 |- .0073kl- .00607l- .domos - _ooansle nnlea
01075|- L0112l .01157|- ,01089|- .009%A |- .00806 |- 00673 | .00362|- 00473 |- .00401|- .00343
,01101 |- ,01100 [~ ,OL06T{~ .00979(- 00 L00730 |~ 00616 - .00320 |- .004%41 b 00376 |~ -0032%
100918 |~ .00898 |~. .0bEAS|- .0077T4|- 00885 |- 00596 |- .005L4 | .00A42 [ ,0038% [ .00330 |- ,002B8
so0sik |- .00836 |- 005131~ .00480 |- ,CO044D k- 00398 |- .00337 L 00315 & .0028k | ,00253 I~ .00226
J00426 |~ .00421 |- .,00406|- .,0Q385 |- (00336 | .00325 - .00300 | .00272 | .00245 | .00221 [~ ,00200
« - 00337 - +00327 ]~ ,00313 |- +00253 "_ 00274 [~ 00233 == 00232 |- .00213 }‘ 00194 |- 00177
c00276 |- -ooaTal- .o00268|- .00258 |- .00245 | .00231 [~ .00218 - ,00200 |- .00185 [~ L00iTi[- .00t57
.002281- ,00237 = .002231- .00216)= .0020T |~ 40019 |~ 00185} .00173f .0Q162)} ,00150|- 00140
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TABLE ITX.- DOWNWASH FACTOR F,, FOR VARIOUS VALUES OF Az/s - Continued

(h) 22/s = ¥6.00

f +H. 2. . e 8. +10. +13, +i4. 6. +18, +20.
]
+ -oo + 005‘05 - .03364 + .01550 + .00039 - .005&3 - .DOGBG - 000655 - 100594 = .00’15 - look” - -00383
+ 120 + 10576’ + .04231 + ..016!8 -} .00073 - 100559 - q,°°691 | - 000671 - .00600 - ‘00521 w .,00“9 -4 .00337
+ .40 + L06125 [+ .04496|+ .01765|4+ .00108|= 400535|= 00696 = <006T8|= +00606 |z 400526 | o00455|= 40035C
+ .60 + JO6AT6 [ 04758 [+ .01882|4+ L00142]s A00331|w 00701 |z .o0egs|z .00612 | .00932|> <00487(< .00353
+ .80 + .06522 - .05015 + 019974 100176 - .00527 - 100706 - « 008691 - 18 - 4,00537 - 100“1 - e M'
+ 1.00 + 07139+ .03266[+ .0210%|+ = o00924|= L00711 |~ «0085B|= .00624 v 00542 .00465|= (00400
+ 1.40 + 07800+ 09743+ L02324(+ 00273 [ A00517|> 400721 [z «0071i|= «00637 |+ 00352 |- .00474|= 00407
4+ 2.00 + 08638 |+ JOS38T |+ A08617 [+ 400360]« o = +00736 |= +00730|= .00654|r .00367|r .004B6|> .00416
+ 3,00 + 09762+ J07229|+ 403010+ «00477|> ,00503|~ L00754 |= 00763 | .00684|r .00391 ) .00506|= .00433
+ 4.00 + JL04BS |+ 07791+ oO3281[|+ L00455|= L00508|> 400993 |z 00796|> .00713 |- .00816 {~ .00336|- 00449
+ 5.00 + -10920¢ 208130 [+ 403446 |+ 400597 |~ A00521]|= 40082k |- .00828|- .00742 |- ,00640|r .CO345]|- ,.00464
+ 8.00 + ,11152 JOE315|+ 03532+ . » 00543 |= 00856 [- +0085C[-~ LOOT70 |- 00863 | .00364|- .004B0
+ ano + » 1500 tll:- .08!26 + ,.03566 + ...00551 4 500602 - AOOSZE - .00921 - 100822 L: 0‘00706 - 000599 - .00509
+18.00 + «11218 08332 [+ W03454|+ .00895 |= 00730 (= 401041 |= .01023]|- .00911 |- .QO07BL | «Q0662|c 400560
4.00 +. L1154 14 (0B268 4+ A03392|4 .00396|= L00TB4(= A01089 (= .01088|-. .0094T |r .0CB12 |- .00&88 (- 005823
+16,00 + J1109B 4+ 08213+ 03339 |+ 400346~ o = 401130 |+ 04104]- 00979 |c 400839 |- 00711]> 400602
+18.00 + ;11053 + J08168 |+ q03296 + 500305 - qOOBGT - qO.liG‘i - 01134 - 01003 - 000862 v 00731 - -00620
420,00 + 11016 |+ J0B132|+ 03261+ .00272|-. 00898 (= .01192 |r .01160(- .01028 | 00882 |= 400749 (> 00635
- «00 + 03405 [+ 03964+ LOL330(+ 00035 [~ 00543|- ,006H6 - .00665([- .00584 [~ 00318 [~ .00445(~ ,003E3
T 20 + 03045 [+ 03697+ L01412(4 400004 |= A00547|= 00881 |= +00638|~ .0038E |+ .0031L[r .00441|- .0O0380
Y + 04688 [+ .03433)|4+ L01294|= .00031|= .00551|=" 400676 |¢ .00632)- ,00582|r .00306 |- .00437|r .0O0377
= +80 + (04355 H O3170|4+ A01178|= 400065 [z 400585 /= ,00871 |~ +00645 |- 00576 (| 00301 |- LOO0433|- 400373
= 80 + 03989 [+ 02913+ 401065 |= 400099 (= 00359 |- 400666 (= +00639|- JO0370 |- .00496 |~ 00428 |- 400370
- 1.00 + +03652 4 -02562 + 1.009’1 - q00132 - .,00562 - 00ss1 |- « 00632 |~ 00056“ - 00491 o -00“2‘ = = 357
v 1.40 + 03011 [+ 02184+ 00736|x A00196 |= 100369 |= 400651 |- «00619(~ .00552 |- .00AB1 |~ .004l&|- .OO360
= 2.00 + 02138 H .01541 |+ L00AA3|= 00283 |» a00877|= 400633 |= .0039%|- 00534 t 00466 |- 00404 |- .00330
- 3.00 -+ ‘01049 H- -00699 + .00050 - .00400 - ,‘00555 - ;00603 - '00,67 = 00505 -001“1 =~ -0058! - 00033“
S 8,00 [+ .00322 4 .00137(= .00220|5 00478 | A00878|c .00879 [~ .00534|- .00475 [~ .OOAIT'[~ .0036A|- .00318
= 5.00 = L00109 |= ,00202(= LQ003B6|= LC0519 [+ A00963 (- a0054B |- 00 - «00447 - 00353 |- 00345 |- ,00302
= 6,00 v 00341 |x LO00383|= L00873[= 00532 (= .00343 |z 00518 |- " «00470 |- +00415 [~ .00370 [~ .,00336 |- '.00287
- 8,.00 - .00&90 - .OOASG - .00506 - ‘,0050“ - ‘00‘5'. - ..00&50 - «00409 |~ 00367 |~ 100321 ™ -00290 - -00253
*12,00 |= L,00407]= .00404|= .00394)c 00378 [= 00386 |~ .00331 |~ .00305|- 00276 |- .002923 |- ,00228 |~ ,00206
=14.00 = 00343 |» ,00340|r .00332|> L0031 |z 00302 (> ,002B3 |r .00262|- .00241 |~ .00231 (- .00202(- .CO184
=16.00 = »00287|= .00283(r .00279[= 400269 [= ,00237i- .00342 |+ 00326 - ,00210|~ .00194 | .00175|- .00165
z18,00 |z .00242[ ,00240|% ,00236|= 0022 S a0021%): L00208(|> 00196 |- 00183 |- .00LTi | 00159 t 00147
720,00 [T A00205 | .0020k|Z .00300(|z L0093 |5- 00188 | .00172'|= .00170 |- .00i61[- .00151 [~ .00Lkil .00132
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TABLE III.- DOWNWASH FACTOR F,, FOR VARIOUS VALUES OF Az/s - Concluded

(1) Az/s = #8.00
e
b:/a 0, 2, . 5 15, +10, +13, LW +16. +18,. 420,
+ 00 + .03077|+ 02371 H O1%0B B JQ0577 1+ 000121 L00281 |- ,00367|- .0033%|- .00374[~ .Q0345|- 00312
+ .20 G+ ,03231(4 02700 B 01587 H 400614 H 00027 | 400287 |- ,00367|> .00352|= .00377|= .Q034B]= 00315
+ o400 |+ LO338A[+ 02829 H (01666 - 00652 [+ (00041 |- 0023k |- ,00368)= .00394|= .00380|r .00331|z 00317
+ 460 + «03536[+ 02996 K LOLITEA M 00689 [+ 00035 |- 00231 |- ,00369|= ,00396|= .00383|= .00353|= .00319
4 .80 4+ ,03sEsl4 ,0308a D coigei b o072cld J0o0és I 00227 121 (ooa7olc .oo3sell [po3Eslc [oo3mgii 00322
4+ 1,00 H .0383a4|+ 08207 H 01897 i+ 00763 |+ .00083 |» .0028% |- ,0057i|- .00401)- .00383]- .003%8|= .0032%
+ 1.40 + 30“122 4 -.034‘19 1 .020&6 H ...00334 + Ioollo ~ «00237 - 000573 - -00&06 - «00354 - +00364 |~ 000329
+ 2,00 4 04926 |+ 03789 H .02256 ok 400935 |+ 400149 = 00226 |-~ ,00376|~ .004141- ,00402|- .00372|= ,00335
+ 3.00 + -05105 + .04280 + nO‘B!GH |+ A 1036 + |°02°5 = \00216 - -00585 .- -001126 - -00“15 - 100385 - 0003“1
+ 4.00 + 03956 [+ LOA66A H 402809 B .01207 4 00282 [ 00207 |« ,00390|~ .OO439|> .00430|~ ,00398[~ ,00359
+ 5,00 + 03883+ 04948 B 029092 H .01299 [+ .002B51- 00203 |~ ,00399|- .00433|- .00444|- .00410(|= ,.00370
+ 6.00 + 061081+ 05141 A03121 [ 01364 00308 [= 400203 |~ .00409|- .00466|~ 400458|- ,00425|- ,00381
+ B.00 + 063434 .05348 |+ 03258 |+ ,01430 |+ 00324 |z- ,0021% [+ ,00433|- ,0049k|- .00485|- ,00448|- ,00403
+12.00 3 06425 |+ 05418 H 03292 [+ aOLA26 [+ 400292 |= L0026 [+ ,00488|- .00548{- .00339|4 .00453([~ .00442
+154,950 + L0610+ 08397 H- A03269 |+ ,0140804 00284 |= 400252 |~ ,0051%|- .00573|- .00357|c .00513 |~ '.00k60
+16,00 (06383 |+ 08370 H 03253 H JOL373 |+ A00237 |x 00318 |~ ,00535|- .00596|- ,00378|= 400531|: 400475
+18,00 I 06335+ (O33A3 [ L03215 M AO01347 [+ 00212 > .00542 |« ,00%62|- .00516|~ .00%96]+ .00547{- .00490
420,00 +06330|+ ,05318 203150 W01323 [+ A00189 |» 00363 |+ .00%81|~ .00834|- .00612[- .00861|= .OO303
- ,00 + 030774+ (L0251 H 015084+ L00977]+ L00012|- C.002617| - ".o003s7[~ .0038%|- .00374l~ ,00333|= ,00312
= «20 02923 |+ 02442 H 101530 [+ ,00335 |~ A00002|r A00264 |- .00366|= .00387|= .00372|- .00343 |~ .00310
2 a0 |+ 02770+ .023ia - LO1351)+ .00502]|= L00016|: 400268 |- ,00365)> .00384|- ,00369 |- 400340 )= 00307
n .60 + 02618 |+ 02188 [+ 01273 |+ 400864 (> «00031(y, 00271 |- ",00364|~ .00382(= ,00366 | .00337[= .00303
= .80 + 02862l4+ .020601 .011961+ 00A27|= 00045 |= 00275 |- ,00363|> .00379|> (00363 [r 00335 .00303
= 1,00 4+ 02319 |+ 01936 [+ 01120+ .0039Li]c 00059 x 400278 |- ,00362)s .00377|~ .00361) .00332|- .00300.
= 1.40 + 02032+ 01694+ «0097L|+ «00320|= .000861= 400235 |- .00360{~ .00372]= 00338 ,00327 |- .002%
o «00 + 01636 |+ !01353 + +00761 |4 .00218 -\ - loom* - 00357 - 0003‘6“ - 00347 " +00319 = -00239
= 3.00 + 01048|+ 00882 M 00453 |+ o00066|= 00182 |r 400306 |- .00351|= .003%2{= .00333 |- ,00306 [ .00277
- §.00 + 00598 |+ «00478 |+ .00205 - ;0005“ -4 .002% - .00315 - 200343 ]~ .00359 T «00319 1T -00‘395 4 100266
= 5.00 4 (00271 |+ 00196 H 00025 |+ . (00146]= 400262 | «0031S [= .00334)~ .00326|- .00303  .00280(|- .00254
= 6.00 4+ ,00046 |+ .00001|~ ,.00108|> .00211|- .00284l- .00318 |- .00324|- .00312|c .00291 = .00267(- .00243
= 8.00 - 00191]- .00206|> .002a1l= 400277 .00300|= 400307 [- .00300|- .00284&|- .00364 | .00243|- .Q0232
=12.00 - L00275|= .0027S|c 400275 |= 400273|= 00267|c 400238 |- .00243}~ .00230|- .002314}1} 00198 |- .00182
=14,0¢ = 002341~ Q0233 o 002521= 000471~ 200240 |~ «00230 |- .00218]1~ .00205]- .00192 ) .0OL78I- .00165
':15-00 = e - 00228 = u00225 - 200220 - 300213 - _\0020“ » 200194~ .00183|- LOOLTI [ .O01SO[ .QOL&9
-18.00 - .00202]c .00201|c .00158|= .00153l= L00iBT|w W0D1BQ |= .00iTL]= .00162[- .00153 [ .OOiaA 00134
=20.00 = A0017Tlc .00176|c (OOLTk|= a00170|= 400165(> 400139 |- .0D152|~ .00143 |~ ,00137 200129 |- 00121
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TABLE IV.- SIDEWASH FACTOR F, FOR VARIOUS VALUEE OF AE/B

(e) 2z/s = 0.50

/s +0 +2 + +§ 48 +10 +12 +14 +16 +18 +20
/s
- L00 = 00000]|= ,34393|~ ,03425|- L0096% - .00400|= LC0203~ ,LO00117i= .00073|= .0004%]|~ .00034|~ .00025
+ 20 |-~ J00000|= 412384/~ ,03701|- .01Q15(~ .00413i- 00208~ .00120{- .00073(~ ,00050]- .D0035|- .00025
t &0 = +00000|= JA7364|c LQISTI|~ 01064 -~ JQ0430|~ L0021~ .00123| =~ .Q0077(- .00051|- .0Q036|- .00038
T WSy = WOUUN0I = WFEA83| =  JD4E3T|~ LUILI3) = JO04AF = LOPEEL- WO0iZe) -~ JO00TBp- LO005Z|- LOU036(- U000
+ 80 = +00000|= ,36456|- ,Q8489|« LOl161j- .0QA60|~ ,00226|- ,00129% - .Q0080|~ °.00053|-~ .Q0037|- .00027
+ 1,00 - +00000| - +59573| - WO4T727| = «01208] = L00475 - 2«00234(~ ,00132(~ .00081|= ,00054]|=~ .QOO37|- .00027
+ 1,40 = J00000|= 63591 = .05134|= .Q129€|~- .00304 - ,O0Q245|- .0013T|~ .00084|- .00056|- .OQ03B|- .OOO
+ 2.00 = «Q0000|= 66540~ .OB663|~ J01419]~ 00545~ ,00263|= .O01AS[~ .00089|= .O0O5B|= .00040|~ .0002%
+ 3.00 = J00000|~ .68280|- .06206|- .O15BL(- . 08f= .00289|= .00135|= .00056|~ .00063|~ .00043(~ 400031
+ 4.00 = +00000|~ .GBBI.SW" D649~ L01696|~ .Q0633|~ L,00312(= ,00171|= .00103|~ .Q0C6T|= .0Q046|~ .00032
+ 5.00 = 00000~ 65012~ ,Q6647|= ,LO01T73[~ .00650(~- ,00331|~ .00181|~ .00109|= .0007i|= .O0004B|~ 00034
T .90 = SWUOOUI=  L83056)= .O8T728)= L0i8R3| = -337’17 = SQO35ETI= 00181 j= LO0iiS(= .O00Taj= 00080 = .O0036
+ 8,00 = J00000|= <69157|~ .06801|- 0187%9| - 00755 = .00349(- .0020%|~ ,00124{- ,00080|~- .00034|~ ,0Q0038
+12,00 = J00000|= .89182|~ ,O6838|- ,0151%|- ,00784|~- .003%1|- .00220|- .00135|- ,000B8|- .Q0060|- .000R3
+14.00 = J00000|- 69183{~ ,06844|~ ,O1921|- .0O790|~ .0035§|- .00225(- .Q013B(- .00091|~- .O0062|- .OQOOXA
+16.00 =~ J00000|= «691B7|~ ,O6B46|- ,0DI924|- L00793{~ ,LO0359|- .002237|~ .00i4l|~ .00053|~ .O0064|~ .0004E
+18.00 - +00000|- L6918B|~ J06848i- ,01926|- L0079%|~- .00401|= 0022%|~ .0QO1A2|- ,0009k|~ 400065~ .00047

«00 = 00000~ ,69188|~- 06BaS|~ ,01928|~ ,00797|- LOO4O03|~ .00231)~ .00144|- .00093|= .Q006S|~ 00047
- 00 |- .00000|- .34395|- .03423|- .0096%|- .00400|- .0O203|- 00117~ .00073|- .O00A9[- .00034[- 00028
= L20 = 00000 |- <27906|- +03149|- .00913]- .0Q333|- .0Q0157| «00114)= 00072~ «00088|- .00Q34|- « 00022
= <40 - J00000|- .21825!- ,02877|- .00866]- .00363|- ,00191[ +00iii]|- .00070(~ «00Q047|~ .O00033|- .00024
~ «60 - 00000} .18726]|- .Q2614|- .00817|- .00334|- .00183~ 0C108[- .00069|c «0Q0AS|- .00033|- .OQO2A
= 80 = JQ0000 |- 412693 |~ .02361|~ 400765 |- +0033%|~ .00178} «0Q1031= .00067 [~ <00043|~ 00032 |- 00002‘
= 1,00 - .00000|~ ,O09616|- ,02123|- ,00722|~ .0O324|- .00172|~ +0Q102|- .QO0Q66|- +OODA3 |- +Q0032|~ .00025
= 1.40 = +00000 |- L08299 |- .01696)- .00632|- ,00296|- .OO161[ +00097 |~ 00062~ .00043|- ,LQ0030|- .0Q022
- 2.00 = 400000« ,0Q2630|- ,O11B8|- ,00J1l |- .Q0233|- 00143 - «00088 |~ 00058 i~ LOCOKQ|~- ,00029 |- +00021
- 3,00 |- +00000|- .0090%(- .006&4|- .00349 |- .00155|- ,00117T[ .00073|- .0005L |- .00036[- .00026|- .00020
- 4.00 = «00000 |- LO0374|- .00356|- ,00234|= .O0LA7|= .00094f «000683|= .O0Q4R[~ .0Q032|~ ,00023 |- +Q00L3
- 5.00 = «00000|= L00L77 |~ .ODQ204|- ,00157 |~ .00105|- .0CO75 B +20032|~ L00038{- ,00028|- .00021 |- .OCOL6
=" 6.00 - «00000|=- ,L0O093 |~ ,00122{~ .00107 |- .OOOBL|= .0DCQOS9| +00043 |~ L00032/~ ,00024|- +00015 |~ .0QOL3
- B.00 ~ Q00000 |- .,00032 |« .OC0AD |- 00031 |~ 00045 |- «00037 |- «00029 |- .00023(- .00018|- 000015 - L00012
~12.00 - «00000|- .0000T |~ .0Q0L2|= .00013|- .00016|~ .OOOLSF .000i31- .000Qi2|- .CQ010|- .00QOS |- .0QOOT
=14.00 - «00000 |~ .00004 [~ .000QT |- ,00009 |- .00010(|~ 000101 +00009(~ .0000&|- .OQDOB)|- .00007 |- .0Q006
~16.00 - 400000 |- .00002 |- .00004|- ,00005 |- .00006|- JO0000TP #00006|= .00006|- +00006]|- 400003 |- ,0QODO3
-18,00 |- 00000 |- .00001 |- .00003 |- .,0000k |- .0000k|~ .00005| +00003|- .00003|- .CODO4|- .00ODA[- .0Q004
=20.00 = «00000 |- ,L,00001 | .0OQ002 |- 400002 |- 00003 |~ 00003 <QUOU3|~ LOUOW|= LO0QOS|= LOOO |- OO0
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TABLE 1V.- SIDEWASH FACTOR Ty

FOR VARIOUS VALUES OF Az/s - Continued

(b) Az/s = 1.00

&x/s tolo 0 "” “ *% +8 +10 e + 6 13 +E0

= ,00 = 400000)- 40000 ]~ L08154 )~ L01846]-. JOOTED = -~ L0014~ .00098]- ,00059]- .00030
+ .20 = (00000 |~ LAS3TO|~ LO6634|- J0L9K0|- .0OBL0|- « .00149|~- .00099|=- .00070[~- .00031
+ .40 - .00000]- .32333]~ .O7108!- .02034]- .OOBANO|- « .00152{- ,00101|- .00071]~ .00032
+ 60 = J00000|~ L.B766A1- 07368 |~ JO2i27|- .OQB69|- = ,00155|- ,00103|~ .00072(~ .00052
+ 80 - 00000 |- .62166 |- .Q8010}- ,02217|- ,OOGSE - = .00138|- ,00103|= .00073|~« .00053
+ 1.00 = Q0000]= L65832]= J0B429|~ .02306]- LOOS52T|~ =~ J0016L|= .00107|~ .00074]~ ,00034
+ 1.40 = +00000(- LTi12B(- LOSLIB4I1= ,LOR476|- LOOSEB3|~ = L00168|=~ ,00110|- .00077|= 00055
+ 2.00 = 00000|= .73480)|= .10095]|- ,027065)- .0i062)- = L00177]= .00116)- .00080]- .QQO5T
+ 3.00 = +00000|= 7834~ .11085|- ,030i3]|- .OL178|- = 00191 |= .00L24)|~ .00083]~- .0OO61
+ 400 - = 79296 |~ J11628|- L03233|- .O01272|- ~ «00205|~ .00133|- " .00091|~ .00063
+ 5.00 = +00000]- .7966%]- 11513~ .033B4|- .01346]~ =« 00217}~ ,00140)- .00496|- .00Q68
+ 5,00 = +00000|- .75820|- .12070 [~ .OJ483|~ LOL1401|- ~ 00 - L00147|~ .00100{~- .OCOTL
4+ 8400 = «00000]~ ,T9537 |- .12210]= LO0335i]|- .OQi472)- ~ L,00246|- ,0013%]|- .0010B}j- ,O0O77
412,00 = J00000[- ,759B6(|- .122B4|~ ,03663]|- .,O1830]- - .00268|= ,001T73|- .00120|~- .0QO0E3
HA00 1= ,00000|- 79993 )- ,12254 (- .03875|- .0L343|- ~ 00275}~ .00180|- .0013h}- ,0C0EE
318000 [ iS0ooo|- 79997 |- ci3a |- :o3ees|- .0i3ss|- T 100%a31C iO0ier|- .aoidel- io00ss

» - . - a - . - - - . - - . - M - . - L]

+20.00 = Q0000 |- J79598|- 12304~ L03687|~ .01353|- = ,00283|= .00189(- .Q0131|~ .00094
- 00 - +00000|= LR0000|- .06154|« LOI1B46|~ .0Q0780|- ,008001~- ,00231|~ .OO0146|~ .QO0098|~ +O00065] -

= «20 = +00000]~ 33630~ 403673~ .01732|- .0QO0731)- ,00388 - ,00226|- .0O143|- .00096|-~ .00067|-

= «&0 - .00000|~ .R27647|- .03200|- .O16%8|- .007211= ,0037§- ,00220|- .0013%|- .00094|~ ,00066| -

" 260 = +00000|= .22335|- .0Q47395|~ .OL566)|- .006592|~- ,00364 - ,00214|~ ,00136|~ .00052|~ .0006!‘-

= <80 = «00000{~ .17834]|- .0429T7|- .01475|- .00663]- .00332 - ,00208|- 400133}~ .QQ0SO|~ .00QG4] -

- 1.00 = «00000(- +14148(- +05879|- .01386[- .O0634|- 00340{-" ,00203|- +00130(- .OQQBE|- ,00063]=-

- 1.40 = «00000|- .08872|~ .03124|- .01216|- LOOSTEB|- .00317/- .0O191)- .QO124l- .Q0083]- .0Q0061|~-

- 2.00 - «00000|- +04320|~ <02213|= .00986|~ .00493(~ .00283|- .00175(- .00115|~ .0Q0BO{« «0QQO5T|-

- J.00 = +00000]~ .O1636[- .O01222|~ ,OQOG7T|~ .0Q3&3|- .00231- .00148|- .00100|- 00071}~ .Q0053|-

- 4,00 - ,000001- DOTOAL- LDOSEE|- (DOAST)- JOOREBI- (OOIES = LAGI2S1- JO008T)- +000ES|= 000AT) -

= 5.00 - +00000|= .00339|- +» 00355 |- .00308|- .00213|- ,OOL4H ~ « 00104} - .00075 - +00055|- 000 H-

= 6.00 - + 00000 |- +00180|= .00233]- +00209] - 200160 |- +00118 - - J00064|- .Q004E)- .00057 -

- 8.00 - 000000 - -00063 - «00097 |- 200101 |- + 00089 |- +00073] - -000,8 - QOOMG - -00036 - .0005 -

-12.00 = «00000|~ .00014|- ,00024l- .0C029|- .00031|~ .00029- ,QO027|- .0OD23|- .00Q20(- +OOQ1I7|~-

=-14.00 = 00000 )~ 00007 |- .0GOL4)|- .00017|- .00OL9)- .00019)~- ,OQOLE|- .0OOLT|~ .OQOO15|- .QQOL3]~-

-16-00 - -00000 =~ 00004 |- .OOOOB - -00011 - -00012 - -omla - .00013 - .00012 - -oooll - -00010 -

-18.00 = «00000|~ .00003 |- .000Q3]- .0 = 00008 |- ,00009Y- ,OQOOS!- ,00009|~ .00009)~ .0O0COB]-

=-20.00 = 00000~ .00002}- .00003|- .000C5|- .00006(- .0O0O6|- ,0DOO7|~ .OOGGT|- .00006|- +00006|-
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TABLE IV.- SIDEWASH FACIOR F, FOR VARIOUS VALUES OF Aufs - Continued

£ % a_ £ L =7,
(c) /B8 = L.
0 2 H +6 +8 +10 +12 +1 +16 +18 +20

'le
- = L00000 [~ 52821 [- .07B29|- .02578[- .0112%3]= ,00585 |- .O03al[= .0021§]|- .O0iA5|- 104 |- LOO070
+ = 00000 [~ 37116~ ,08412{~ .02707|- ,O1167|- - ,003%0 |~ ,00220|- .O01AB[- .00104|~ .00076
-+ - «0000Q |= .‘1239 - 08967 (- 002535 - 101209 - .00620 - .00358 - n°°235 - 100150 - . 10! = 00077
+ - L00000|- .a5048|- .06mi8|- .02%62|- .012%1|- .00637 |- .00367|- .00230|- .Q0153]- .00107|- 000?78
+ - 00000~ .4BALE|- L,10085|- .03087|- .01293|- ,006%5 |- .00375|= .00234|= .001836f~ .00105|- .00079
+ = JBO000 1= 51355 (= Ji0803 (= w03305|- JO1334(= LO0STZ [= 0038341 .002301- ,00139{- 00111 - - 00080
- L00000|- .53$53[- ,1133%|- .03k42|~ .01413|= .00706 |~ .00400|- .00248|- .001s4|- .0011d|- .QODB2
- L00000 |- .60274)- .12688(- ,03760[~ .01%27 |- ,0074% |« .00428|= ,00261|- .00172|- .Q0119|- .O00HE
- 00000 ([~ +63452]- .13975(- .0418%|~ .01693|« .00830 |~ .00463|- .00283|- .00183|- .00127|- .00051
- 00000 |- .54681 (- ,14698|- .04498(~ .D1825|- 00895 |~ J00ASB|- .00303|- .00197|- .00135|- .000%€
w 00000 |- .63166(= ,15094|- .04708|~- .0193%|- ,00951 |- .00528|- .00321|- .O00208|= .QOLl42|- .00101
-~ L00000|~ .&§33840= ,15314|~ .04851|= .02035|~ .00996 |~ .C0555|- .00337|- .002i6|~ .,00149|~ .00106
= 00000 ,63349|= .15515]= .0%007|= 02118~ ,01061 |~ .00596(~ .00363)- .00236{- .00161(~ .00114
- 00000 .6%621 |- .13622|- .03112|- 02204 .O1126 |~ .00SA2|- .0O3957|- .00260|~ .00178(- .00127
- 00000~ .63630|- .15637|- .0s120{- ,0222¢|- ,O011&1 |~ .00S55(- ,00407(- .00268|- .00iB4[~- .00132
- «Q0000 |- 63634 .13645)]~ .05139|- .02231 )= ,0:13%0 |~ .00663|- .00413]- .003273|= .00189|- 00133
-~ 00000 | .65637|- .136%0|~ .05145|- .02238|- .011%6 |~ .0066% [~ .ODALB{- .00277|- .00192(- .0O138
= <00 = 63638~ .15652|- L05148|- .02241 |~ ,0L16Q |~ .00672|- .00&23|- .00280[- .00193(- .00140
- - L00000 |~ ,32821 |- .07829 (- .0237B|- .01195|- .00585 |- ,00341|- .002i6|~ .OOLAS|- ,00102|- .OOO7T3
" - J00000|- ,2832%)- L07246|- .02449 [~ .01083|= LO0567 [~ L0Q333|= 00311 |- .Q0143|- .00100|- .OQUTD
- - 00000~ ,23402)- .08670|~ .02320|~ L01041|- .00550 |~ ,D0O324|- QD207 |- .QOL4Q|- .0Q0059 |- .00072
- -~ .00000 )= ,20%93 |- ,05105 |- ,0215&|- .0099%[- .00532 |~ ,00316|= .0O202|- .00L3T|- +000S7 |~ Q00T
- - 200000 1= LI1T193 |~ « 03969 |- + 02069 |~ .009’7 - 200515 |- .WJ'OT - 000197 - -00134 - +00083 |~ . Loy 4]
- - L00000|- <14242 (|- .05035 |- LOL947 )= ,009i6|~ JO0KSB |- ,0029%|= 00193 |- .00131|- 00094 |- 00069
- -~ 00000 |~ <0964B |~ L04115 |- LO1714|- 00837 |- .00864 |~ .00282|~ .00184|- .00L26|- .00090|- 00C67
- -~ ,00000|- .0%367 |~ .02969|- .01356|- .00723 |~ .00M13 |- L0O238|- 00170~ .QOL18|~ .000%3 |- .00063
- - 400000 {- 02149 |- 01683 |- ,00966|- .00557|- .0033% |- .00219|- .00145|~ .0Q0LOS|~ .00Q77 |- «QO03E
- - 00000} +00960|- .00960(~ .00657 |- .00421 |- .0027T4 |~ .00L58|~ ,00129|- .0Q093|- «0QQS9 |- .Q0033
- - +00000|= DOATS |- ,00364 |- ,004AG |~ .00315|= ,00219 |- L00L134|- 001l [|~ +00082|- .00062 [« Q004E
- = 400000  .00257 t 200343 |- ,00305|- .002355|- 00173 |- .00128|~ .0Q0093|- .00072|- .00053|- .00042
= L00000 - ,00092 200142 1- 00149 |~ -00152 - L00108 |- -00086 = L00068 |- 10005“ - .00043 = +00033
- L00000  ,00020|- ,00033|- .00044[|- .000AG|- .00044 |~ .00040|- .00035[- .00030|- .00026 |- .00022
- «00000 = (00011 = .0OO20 |- .00026 |~ .00029 (- .00029 |- .om.’ - 400025 |- 00023 |- «00020 |- 00017
~ 400000 |~ .00007 |- .00012|- .00016|- .00C19 |~ 400015 (- L00015|~ .00018{- .00017|- .00013|- .00O014
=’ 400000 |- .00004 [- .00008 |- .o001L|- .00O13|- ,00014 |- o00014f- COOL3|- 400013~ 00012 |- .00011
= S00000 | 400003 |~ ,00005| .00007|~ 400009 |- ,00010 |~ ,0001Ci{= .00010|~ .00010|= .QOOU3 |~ .UOUDD
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TABLE IV.- SIDEWASH FACTOR F,,

FOR VARTOUS VALUES OF Az/s - Continued

(d) 2=/e = 2.00
/s +0 i +4 +6 +8 +10 +2 +14. +16 #g [ 400
/e
4+ 00 “ +00000|- .24615|- 08488/~ ,03123|- ,01421|= ,00753 |- .COAka|- .00283|« .00191]|- .0013%i=- .0009%
+ 20 = «00000|- J27327|= .09084|= .03275|= LO1&73|= .Q0775 |- .00495|« .00289|~ .00i9%|~ .00137|= .QO100
+ 240 = J00000[= o29963|= ,O09674|~= L0342T|= .01526|= . 0798 [» 00486 (= .00295|= .Q01598|= .00135(= . 0101
1 ogg - oggggg - -gg;gg - .ig%sg - .gg?;l - -0{:;; = 400820 |~ LQOA7T(- .0Q030il- .00201{- .QOiA1[~- .0O103
. v - - = - e - - - - s - . - .
Tiloa I labosol- Eemmils iVaM|D Q3RS RMEER\T (00RSRL (GBNSEIT GG3N1IC :002RlT gidelT [80ig
+ 1,40 = #000001- .40273|= 123211~ LQA146|- .0I78D(= ,Q0507 -~ ,Q0320|~ .00325|- ,00216|~ .00i50|- .00109
42,00 = #00000|= JA3E1S |~ L135M0|- .04%324)- L0151}~ 00970 |- .00532|- ,00342)- ,00226|- .00157|- 400113
+ 3.00 = o00000|= JAGBAT|~ +14972|- L03042|- ,02130|= ,01066 |- ,00602]|= ,00370(= .00243|= .00i67|- .,00120
+ 4,00 = +00000|~ LAB103 )= L1%B03|~ LOSRIE[- L02301|~ 401150 [= «006AT|= ,00396|= ,00259 |« .QD0i78|~ .00127
+ 5.00 = 00000 |~ .48682|- .16274|- .Q5679|- .02435|- .01221 |~ .006BS|~ .004LS|= .00273|= «OOLBT|~ .00134
+ 5,00 = +00000|- L48910|- ,16542|- L08835|- ,02537|= 401280 |= .00721|= .CORA1|= .OQ2BT|[= .00196|~ .001X0
t 8,00 = +00000|~ L49113|- .16783(~ .06083|- .02670]- .01384 (- ,00T74(= .00475|= ,00310|=- .00212]|~ .00151
+2.00 = 2000001~ 492081~ .1£0301. _O61ADI- 02781 = _01RAK . _OOR3&I. .008(01. _00XADI. Q0032 1. _OD1LE
+14.00 = W00000|- .A9216|= ,169%01= ,06212|-~ .0FB04|= LO1AK6EB |- ,00832|~ .00532}- .00352]- .Q0243|~ .00174
He, = 00000|= 49222 ,16960|- ,06234|- .O02B1T|- LO1ASQ |- ,00862|- .00%4i|- .00359|- .O024% (- .Q0179
+18.00 = #00000]= LA92253|= ,16966|~ ,06233|= ,02825|= ,Q1488 |- ,00870(|- .00548|- .00365|- .00254|- .00183
» = .+00000 |~ L A922T|= ,16969|= .0623&|= ,02B30|= ,0i493 |- ,00B75|-~ .00852|- .0O36%|- .QOR3T|- .0D1B6
- .00 = »00000{- .2a612 -’ 08488~ .03123|- .OLA21|- 400733 |- 200444 |- .002B3|- .00191|~ +00133 |- 00099
- 20 = +0000C |- .21904)- .0Q7852|~ +023971|- .0L368|- ‘-00’!31 - 200433 |~ 200277|~ +O01E7|~- +00132 |- 00097
- 40 -~ 00000~ .19268|- ,07303|- ,02919|- .01316|~ Q0708 |- .0D422|~ .00271]- .QO1B4|- .00130[- .0O00%6
= 60 - +00000|- .16TTA|- .06726]- .02669|- .01263|- .00486]- .004il|- .00263]|- .001BO|- .Q0128 |- .OO04
- <80 - 00000 |- 14473|- .06169|- .02522|- ,012i2|- 00664 |~ .00400|- .00239|~ .00177]|- .00126|- .O005S
- 1.00 = +00000 |- 412397 |~ .035635|~ .02377|~ .0L161|~ .Q0642]~ .0038%|- .00253|~ .OOLT3|- .0QO0123 |- .00051
= 1.40 = L000001- LOESET7I-  04E8R1-  LQ21001- . QL1O0&L1~ JQQEDE - 003470~ 000411~ O01£L0- (00119 1. .0008%
- 2,00 - o00000 |- «05511 |~ «Q3427]|- -01722 - .OWEO - 500535 - .00536 - #00223|- .00156|- 00112 |- -0008“
- 3.00 - «00000 - « 02384 |~ .020’04 - « 01204~ UOWII - .00440 - -00285 - 100195 - '00139 - -00102 - .00071
= 3.00 = 00000 |- +01128|= <O1LT73|= .Q0828{- 00540|- .Q0355]- .Q0R24Lli~ .QOLTO|- .0O123|- .00CH2|- ,QOOTO
~- 5,00 - +00000|- +00379 |- .00702|- .00367{- .00406|- .00284{~ .00202{- .OO146|~ +OOLOBl- .00O0S2|- 400063
- 6.00 = 00000 |- +00321 |= +OO34|~ 00390 «00304|- -00226 « o00L86T|= .001L25)|= 400093~ -00073 - 100057,
= .00 - «00000 |~ +0011B|- .00L83|= .CO0193|- .00172|- .00lL42]- +0O0L14|- .00090|- .0OO00T2(~ 40Q037 |- Q0045
~12.00 -~ 400000 |~ .00026]~ .DODAG|~ .00087|- .00060|- .0005E|- +00032|= .00046|~ .00040|- +00034 |~ L0005
-ta00 |- .ooscol locorsl- looomsl- looozal- locosgl- loopsel- .o0036l- [coosil- .ocosol- .coozsl- .00z
=16.00 = J000Q0 | .00009 |- .00016|= .00021|= .00025|- .00026|- +00025|- ,00024(- .00022|- .O0020(~ 00018
=-18.00 - «00000 «00005 |~ .00010|- «COOLAl- .00017(|- .QQO01B|- «QQ01E|= .0Q018|- «00017 |~ 00016 |- -00‘014
=20.00 - +00000 « 00004 i~ <0000T!- .00010|- .0Q0012{~ . 13 {= 00013~ .000i3|- .00013|- .OOO12 |- .00012
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TAELE IV.- SIDEWASE FACTOR Fy FOR VARIOUS VALUES OF Az/s - Continued

(e) /s = 2.50
o to/e +0 - e *h 6 8 "0 a2 U +16 18 +20
- - - L00166 |- .00122
- 400000 |~ +1B089[|~ ,08353|= ,03473|- .01660|~ .00501]|- .00538 « 00343 00234 -
R e T T
- - «31486 |- L09453]|- - - . - L} - . . -
R I i (e o
+ 80 = L00000 = ,24620!~ ,L10%30]- ., - s - . - LA - e - .ODIBD - 000151
1. - L00000|= ,2503B8|- ,11051|= ,042B1|= .01958]/- ,01032|~ ,00504|- .00382|- .002%55 . -
I 1-28 - :00000 = o2BASh4(- .11582|~ ,04581i|- .02072|= .01083]= ,00630|= .00296(|~ .00R6S5|[- -ggigg - .%izs
+ 2,00 =~ J0Q000|- J31178|- L131Ti|~ L04994!- .OZ2R33|- 01158~ .925‘;5 - -02&&8 - .02'2‘11 - .Amlmt - 00140
+ Elﬁﬁ = 000 1= -35755 - o1A59B[= .05565 = IGZ““’? - 16127‘ = JURIFED ™ SUURBIZI[= JWUGTO [T SVVEWVe 1T evviTs
+ .cﬂg - -008‘0'0 o J34965]= ,15468]~ ,08986|~ L02676[- L01372\- ,00782{~ .COAB3|{~ ,00317|(- o°02§§ : -ggiz;
+ 5.00 = 400000 |= 433330|- ,148980|- ,L06283]|- ,L02833|- .01457|~ .00830|- .00513|- ,00335|- 'gggnz o oo0iss
+ 6.00 T <0000 [~ .39B10(- ,16280|- .05486|- L028#33/- ,L013%3T|- .00872(- .00338|~- .00352|- .OO 21: .00186
11300 | 100000\~ .3eia7|- .ié7%0|- .Gemmm|- odaAs|- ioiiso~ .ofoi1|- :00e3a|- .0DALS|- .00250|- .00307
+{2.00 - .00000 ~  J36147|~ «167 - »06 - . . 9 badiY ] - . - . L] 259 |- ‘0021’
5 = L00000 (= .36161[= L16734|= ,06908|= ,02273|~ ,017841- .0103if~ ,.00620|- .00432]|= .Q0 .
-Hs:gg - :00000 v J3616B|= L1876T|= ,06924|~ LO3285|= L01770/- .01045|- .Q0661]|~ .OOkA]L |~ -ggg?; - -googgé
+18.00 = J00000|= L361T2|= L167T4|- +06933|= ,0329%]= ,L01775(- .01054i- .00669|~ .OO4AE |- -00317 - -002”
. = J00000f= L355174|= L16778/- ,06538|= ,03303|= ,017B6|~ .01060)|- 00574)|~ LOO453 |~ . .
= +00 = 00000 |~ 418089|- .0B393|- ,03473|- .01680)|- .00501|- «00538|= ,00343[- ,00234(- .001685{- .Q0122
- 20 - +00000|- .16374|=- JO7841]|- ,03311(- .01599)- .0087A|- ,o0323|- .o0033&|- .00230)|- .00163|- .o0120
- &0 = +00000 /= .14693(= .07294{- ,03147|- .01539|~ .00848]- +00518] = .Q0331 |~ ,00228[- .00161]- .00118
- <60 - -OQOOO = 13079« .Q6738|~ -0293,1' -01.79 - J00821|- «00498]| = «00323 |~ .00221({- ,00198l~ 00116
= 4«80 = +00000]|= L11598|- ,06237|~ .02826|- .0143Q|~ .00793|- «00485(= ,00516|~ .QO2LT|- .Q0O0L5S|- .00L1S
= 1.00 = <00000|= L10151[|- .O03735|~ .0267T0|~- .01361(- .00769]~ «00872|~ .00309|- ,00213|- .001%2|- .00113
- 1.40 = «00000|= LOT714[~ .OAMBOS|~ 02365 |- <OI24T|~ .O0T18]- ,00446(~ «00299(~- .00204{~ .00147!- .QOLOQS
« 2,00 ~ «00000 |~ ,05001 |- .03616|~ ,0193§]- .01084|- 00644~ «00408]|~ .00273|- 00151 |- .0O0139{~ 00104
- 3.00 = +00000|- .ORM14|- L0289/ - ,01386(- .00842]1- ,00329(- ,00343|- .00235|- ,00171il- .0012¢|- .oo0Ss-
- 8,00 - «00000|~ ,O121§]~ LO01319]|- .00964|- .00643|- .0D429|- .00254|- ,00208|- .o01%1|- .00113(- .00087
= 5.00 = +00000 |- ,00845- .008B07{- +00667 (- »00486|- .00349|- .p0286[- .00179[|- .00133|- .oo0toil- .o00079
= §.00 = 00000 |~ ,00369(-~ +00507|- .OQ4S4(- .00386 (- .00275(- .00204(- .o0193|- .o0L1T{(~ .000S0|- + 00071
- 8,00 = +000001- ,0O140]- ,0021%]- « 00232 |- «00209 |~ «00173] - +001391=- ,00111 |- +»00088 |- ,00071 |~ .00057
12,00 |- .00000 [- .00032|- ,00036(- .00070|- .000T4(- .0007i|~ ,00065|- .00057 |- .oco0as|- .odok2 |- .o003s
“14,00 |- .00000|- .0001B|- ,00033|- ,00042[- .O00AT |- .00047|~ ,00045(- .C0041 |- .00037 |- 00033 |- .0002
-16,00 |- .00000 - .00011{- .00020|~ .,00026|- .00030|- .00032|~ .00032|- .00030|~ .00028(- .00025]- +00023
-18.00 [~ .00000| .00007|- .00013]/- .0Q0LT |- .0002) [ .00022|- .00023|- .00022(- .00021 |- .00020|- .00D1E
=20400 - 100000 lmoa = »000059|~ ,L,O0Q012|~ .000L4 |- LOO016|~ «Q0016 = .00016 |- «00016 |- +00013 |-~ 400014
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TABLE IV.- SIDEWASH FACTOR Fy FOR VARIOUS VALUES OF iﬁz//B - Continued

(£Y Aefe = 3.00
N~/ —— L add
N/g +0 42 +4 +5 +8 +10 +12 +14 +16 +18 +20
/e

+ 400 = L00000|= ,13333|= LO7BA3|~ ,LO03&891|- ,0183%|= ,01026|~ .00622|- ,00403 |- .00275)~ .00156|- .QOlh4
+ 20 = 00000 |= .i4548|= LOB323|~ .03818]- ,01903|- .01085|- .00638|- ,00412|- .00280|- .00159 |~ .0O1A6
+ .“ - .00000 - |1553“ - .OBBOA el 003934 - 501970 - .01085 - -00653 - -00‘20 - .00256 - -00202 had -OOUIB
+ L60 = J00000|= .16392]= L092Tk|- .OA14B]= ,0203%|~ .O1113)|- ,.00668|- ,.0042% |- ,00291|- .00206]- ,QOL31
+ .80 = 00000 |~ .17603|= .O57T32|~ .O4310(- ,020%9|- LOl14d|- 006831~ .00437|- . - +00309 |- ,00153
+ 1,00 = 00000 |= .1855%|~ L10178|~ «0&46%5|~ .02183|- .01173|~ .00698|= .00A46]=- .003011- ,00212|~ .OO153
+ 1,40 = 00000 | ,20235|- .110061~ LOK7T76|- .0228B8|- .01231|~ .00728]- .OO4S2|- ,OO311]- .0021B[~ .O0O139
+ 2.00 = 000001= 222600~ 120870- .05200!- 024451~ .01318le .00771)- .O04KT!~ .00326l- .00228|- ,0D0143
+ 3,00 = 00000 |- L24388|- L1342%|- .05792|- LO02730|~ .01443 |« .00840|- .00326|- .00350]- .00243 |- .00176
+ 4,00 |~ 00000 - LR3434)- .14285|- .06237|- .02949)= 01357}~ .00902|- .00363)- .00372|- .00258 |- .O0185
+ 5,00 = 00000 |- ,299B0|- L14808|- .06356|- ,03124|- .01633]- .00958(- .O03%6|- .0Q39k[- .002T2|- ,00153
+ 6,00 - 00000 |- .2686%|- L1%124|- .06778|- .03238|= ,0LT733|~ .01006)~ .0D626|~ .ODAL3|- .003B% |- .00204
+ 8,00 “ JQ0000 [~ 426509~ o1543T1= L07035|= ,Q343T|= .OIB49 ]~ L01OB1|= 400576~ .QOKAS|- .00308 |- .00220
42,00 “ Q0000 [~ 26639|= 415620|= LOTR20|> .O3391|~ JO196§|~ .OL1G6B|~ ,0073% |~ ,00AS2|~ ,00341 |- .00248
Hi, . L00000 |- ,26646|- .1864B|= ,07293|- L03623|~ .0199%6 |~ .01192]= ,00758)~ ,00307|- .00353|- .00254
+16.,00 - 00000 = ,26634]|= 183663 |= JOT271|= J03§a2|= 02014~ ,01207(= .00771|=« .COS1IE|~ .00362[|- ,00261
+1E,00 = L00000 [ ,R6639|= ,L13671]= .07282|= LO03635k|~- ,02023|- ,0121i8)= .,00780]|- .00%36|= .00348 F «00267
430,00 = 00000 [= 26661 |= ,13676|= LOT28B|= .03661]|~ .02033(|- ,01225]|~« .00787|= ,00332|-« .00373 00271
- LS00 = +00000|= .13333|~ .O7BA3|- .03651|- .O1E3%|~ .01026|- «00622|- .00403|~ ,00275|- .00196|- .OO014A
- .20 |- .poo00|- ,12225|- .07361|- .034B4|- .01774~ .00956|~ .00607|- - . - - .

- w0 1o oooools 1i33lC losassls loaSiol- IOi7os| doscel- oom2l- .00ie| loosesl- Looim|- ooisd
- = +00000|= .10073|= .OGH4L3|- +0D3134|~ .01643|~ .00937|- .0087%7]- . 78|~ +00260|~ .00186|~ .00138
- +80 = «000001= .09Q64]- .05954|- ,02992|- .01579|-~ .00907|- .00%62|- .00369)~ .00235|- .oDiES|- .00136
- 1.00 - 00000 (= .0B112|=- 405511~ .02833|- .01515|~ .00878/- .00%47|- .00361|- ,00250|- .001BO|- .00133
= 1.40 = «00000)- 06411}~ .04680|- ,02326)- .01351|- ,00320}- ,00%17|- .c0344|~ ,00240|- .00173)- .00129
=~ 2.00 = «Q0000 |- JO4404[~ +0339%|- ,02102]|- 01213~ .OO737|- .OOAT3|- .o00320|- .00225|- .00164[|- .00123
=~ 3.00 = «000001- ,02308|- .02277(~ .OL510|- .O094B|- .OO0S0B|- .00403|- .00280|- .Q020L|- .00i43|- .00iL13
- 4,00 = «00000 |- ,01233|~ .01401|- .OL065|- .00725|- .O00493|- ,00342|- .0024a|- .00172|- .001348)- .o00103
- 5'00 - -00000 - 000531 - [] B7% |- «00746] - 100555 - «00398] - 100287 - +00210|~ 0001’1 - .00[20 - .00093
= 6,00 = . +00000 )= ,00402|- .003963]|- .00324]- .00430|= ,00315]- .00235|- ,00180]|- .00138|- .00107)- .00084
- 8,00 = +00000|- ,0Q138|~ .00249]|- .00267|- .00242|- .00202(- .00164|~ .OO131|- .QO104|- .OODBA|- .00OGE
-12.00 - +00000 |- 000031 - + Q0086 |- .00032 - .00081 - = 00084| - «0007§|= 00068 |- 0000’9 - .DOO!O - .00043
-14.00 = 00000 |- .00021|~ .00033|- .OCOA9 |- ,00033|- .0005&]|- .00083|- .000AS|- .O0OA4|- .0003% |- .00034
~1{6. = +00000 |- .00013|~ .00023|~ .00031|- .00036|~ .0003X[- .00037|= .0C0O36[- .00033|- .00030)~ .000D2T
-18.00 = 00000 |~ .00008|~ .00Q013]|- .00021]- .00024|~ .00G26§|- .00027|- .00026|- .00025)- .00023 | .000D21
=20.00 = 200000 |= .00005|~ .00010|- .ODOL&|- .00017|- .0001S|- .00020(|- .00020|- .0OOL®|- .000LE B «00017

QCle NI VOVN



1ABLE 1V.- SIDEWASH FACTOR F, FOR VARTOUS VALUES OF Az/a - Continued
(g) Az/s = k.00
ale 10 12 + +5 18 mo| M2 11 +16 18 120

xfs '
+ 00 = «00000|~ .07325] - ,06244] - .036021 - .02030| - .01204- ,00758|- .00502]~ .00348|- .00250)- .QO0186
+ 20 = «00000|= ,08030| - .06579|~ 403754 - .02099~ .01238|- .00776|- .00313]-~ .00355|- .00R5%|- ,00188
+ 40 = +00000[~ ,08326] - .06912| =~ .03906~ .02168]= .0127T2|~- .00754]|~ .003523]~ .00381i|- .0023%[- .00151
+ 60 = «00000|- ,L09011}~- ,07240]- .04055|~- .02238|~- ,01308|~ ,00B12|~ .00934|- .00367|« .00263|- .00194
4+ .80 =« +00000| - ,09483 - .07562{~ .04304 - ..02304|- .01339|- .00B3OI=- .O0054kl= .O0374(- .002671- .00157
+ 1.00 = «00000|~ .09937| - .07876]- J.O4330|- .02371|~ .01372|- ,00848|- .0Q0534|- .00380|- .00271|- .00199
+ 1,40 = «00000]= .10781| - .08474|- .04633|~ .02303}~- .01438|- ,00883|- .00573|- .00393|- ,.00279|~ .00205
+ 2.00 = <00000|= .11856« .09277|~ .030R9|- .0269i|~ .01533|= ,0093%3|= .00605|- .O00AL]|- .00291[|- .00213
4+ 3.00 - JO0000[= 413141~ «10337] - 08553 - 2975 - 101631 - .0101.7 - 200655~ -00“41 - 100310 - -00226
+ 5,00 = «00000|= .13918|« 11070~ .06036[- ,03213{= .01812|~ ,01092[- .00698)- .00470|- .00329(~ .0023%

5.00 = o00000|= .14369| « .11533|~ .06363]= .03407| = .01924]~ ,01155|~ .OOTAQO|-~ .,OOASS|- .0QQ347 |- .00251
+ 6,00 = 200000~ L14630|~ .11863|- ,06559|- ,03559|~ .02018|- .01217[= COT7T|~ ,00321|« .0Q363|= .00262
+ 9. = +00000{- .14874[~ .12193|~- -06855%- +03763| - .02456|- ,0130%|- .00838|~ .00362!= .00392|- ,0QO0283
+12.00 = J00000|~ ,13013|~ .12406|- .07102|~ .0395i|= .02301|~ ,.01417[~ .00S1B|~ .00621[- .0Q0435]- .00315
+14.00 =~ +00000[= 15032~ .12440(= .OTi42[= .03990|= .02337(- ,01447 = .00942(|~ ,00640(~ .00450(- .0Q327
+16.00 =~ «00000|= .13043|~ .12858(- JOQTi64|~ .O0XOL4|~ J0QABES |« ,01467 |~ .0095%|- ,00654{- .00462 |~ 00336
+18,00 - L00000| - -150‘19 - J12468|~ .O0T17B|~ «OR029|« .023TA|~ +01480 |~ .00571|- -0065‘, - lool?o - -003!3
+20.00 - J00000|=- ,L13052|~ .12475|- LOT1IBS|~ 10“03‘ = L02384|- «01450 |- 00979 |- 00672~ «0047T 1= 00349
- 00 = +00000 |- .07%29 (- ,L06244[=- .03602|~ .02030|- .01204)- .00738|- »00502|- ,00348|- .00230|« .00186
= 20 - 200000~ .0702%9|- .0390%i- ,03450(|- .01981 |- .OL117TO[- .00739]|~ .00492|- ,0Q342|~ .00246|- «QC1E3
- 40 = +00000|- .06533|- ,03576|- .03299|- .01893|- .01136|- .00721)- .0Qx82|~ .00336]~ .00242|~ .00180
= 60 = 200000 [~ 06047 |- .0524B(- .0314%|- .01824|- .01103]~ 000705 = J004731]= .00329 - L00238)|- .00178
- «80 - » 00000 |- -05515 - +04926 |- 03000 |- 001756 d 01069 | = -00685 - + 00461 |~ -00325 - 20023% |~ 00175
- 1.00 = 00000 |- 05121 (- .OA611 |- .02854|- .,01689 t +01038 | - o00668|- .00451|~ *.00317|- .00230|~ 00172
- 1.40 ~ «00000 |~ .04278|- .040i41- ,02571|- .01538 005701~ +00632|- ,00430|- ,0Q304]- .00222]- .QO167
= 2.00 = «00000|~ ,03203|~ 103210 - 102175 - «01369 |- 10037, - + 00380~ +00400] - .00285 - .00210 - 400199
- 3-00 - -00000 - -ol’ls - 0021" - 201609 |~ -01056 - 100727 - -00‘193 - '003’2 - 000255 = .00190 - -001&5
- 4.00 = «00000 |~ LOL1AMl |- JOLALB|- .O1168|- .OOBAT - 00596 |- .00423|~ ,00307|- .00227|- ,00172|- .QOL33
- 3.00 = +000001- .00690|- .00935|- ,00841 |- «00653 = JO0ARA |~ «003571= .00263|- .00200]|~- 00154 |- .00120
= 6.00 = «00000|- .00429 |- .00623 |- .00603|- .00502 |- .00350]~- +Q029B|- .00228|- .QOLT6j- .ODL3H)- ,OD1OS
= E.00 ~ «00000 |- .00182|~ .00293 |- ,00320|- 00296 |- .00232 |- «00206|= ,QO167|: .OOL34|~ .,00108[|- .ODOBE
=12.00 “ «00000(« .00Q46(- .00082 (= .G01G3 {~ 00110 (- .00107 |- .OOOR8|- .0OO8T]- ,00075{~ .00066|- .00036
-14.00 1~ ,00000|- ,00026)- .00048|- .00063 - .00O70| .00071)- .Q0068|- ,00063|- ,00037|- ,O0031|- .0COAS
-16,00 = 00000 |- .,00016 |~ «00030 |= 400040 |~ + 00046 |~ +00049 | - « 00048 | - .OOOlG - -om - «0003% |- -OOOSS
=-18,00 - + 00000 |~ +00010 |- +00019 = ,00027 |- « 00032 |- +00034 | - -00055 - -0003'! - -00033 - 00031 |~ -00028
=20.00 = +00000(- , 07 |- 00013 |- 00018 |- 00022 |- 200024 [ = <00026|~ 200026 |- .00025|~ .00024|- 00022
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TARLE IV.- SIDEWASE FACTOR Fy FOR VARIOUS VALUES OF Az/s - Continued

(n) &z/s = 6.00

/o © + +8 +10 +12 U +16 +18 e

+ 00 - «00000| = - - L027 - L01831]- .01307[- ,LOOB55|~- .OO628|- . = L00335(- ,00253
+ 20 - «00000] = ,LQ301E|~ - .02876|~ .0198%)- .01340(- ,0091%| - .00640)|- .00461|~ .00340{- ,00237
+ 40 = «00000]~ .OJ133|~ - «02974|- .02047]= .01374]- .00535|~ .00653{- .00469(- .00343|- L0026
+ «80 - +00000|~ ,03287]=- - .03072|~ .0210%|~ .Q140Bl- .00935|~ .00665|- .00477|- .0035%i|= .00364
4+ 80 = o00000|=~ .0341%|= - L0316%|- .02183]~ QLakil» ,009T5| - 00678]~ .00485)- 00356 |= 00268
+ 1.00 = «00000| - .03548] - - 03268l ,02220(= .Q1473]- ,00995[- .00650]|= .00452|= .003&{[- .0032T2
+ 1.40 = +00000|~ .03796|~ - .03483|- ,02332|~ .01540{- ,01034|~ .0071Al= .00308|- .00372[~ .00279
+ 2.00 - 200000}~" 04138~ = J03721)|~ .02453)- .Q1637~ ,01092]- .00730|- .00332]- 87 | 00250
+ .00 = 200000|~ .04612|~ = «Q4120|= .02744|= -01753- «01184] = ,00808 [« .00365 |~ 00413~ .00307
45,00 |- Looooel. [ossenl- _ommo - -omedile _ooseil- .01928l. [ni270l. .oome3le 008051~ .0OK3TI- .00324
+ 5.00 - 00000~ .0%212]- .06162|l- .0x713|- .O3ikal- .02042. ,013a5|- .00513|- .00639]|- .00460|~ .00341
+.6,00 - ,00000|= ,03382|~ .06394)~ .04919|- .03293j- .021A4f. ,01aiA|- .009%59|- .00670|- .00482(~ .00336
+ B.00 « 00000~ .OB57%|~ .08676]~ .03189|- .035qTi- .02299(- ,0i524|~ .01035|- .00724|- .0052i(|~ .0O38A
+12.00 - .00000|= .08709|~ ,06892)- .03423|- ,03715]= .02472]- ,01638|~ .01137|- .0080C|- .008578|~ .00427
+14.00 - 00000~ ..05732|~ .06932)- .0%472|- .O3T€B}- .Q2517|~ ,01696|= .01165|- .00826|-" .00558 |- .QO0ALA
+16.00 - ,00000|~ .037k&4|~ ,06934|- .05500|~ .03798]- .02546|- ,01723|~- .01151|- .QCBAS|~ .00614|- .0043§
+18.00 = ,00000|= .05752|~ .0696B|- .03318|~ .03818|-= .02546{- ,0174i|~ .01208|- .00839|- .00626|- « 00467

0.00 - 00000|~ .05786]~ .06975|~ .03329|= .03830|~ .02379{- ,01754|~- .01220|- ,00870|- .0Q633|- 100473
- «00 - .00000|= .02883|- .034%71- .,02777|~ .OL931|- .01307|~ .00BS3|=- .00628|« .00k33|- .O0335|- .00233
- «20 - J00000|- .02747|~ .02332|« .02679|~ .01872|- .01273|- +00675|= (0Q616|= .00A43|~ .0O330[- .Q0230
- 240 - .00000)- .02612]« .03207)- .02580|- .01214)- .01239|- .00833)- .00603]- . = 200324]- 00246
= #60 - .o0000]- .o0Za79l- .03063|- .0ZuB2|- .0L756|- .01203]- .00833|- .005%1]- .00439|- 00319 (- 00243
- 80 - .00000|- .02347|- .0Q921 |« .02385|- .01699]- .OL173|- «Q0815| = .00978|- .00421|- .00314|- .00239
= 1.00 - D0D0D|- .02218]|- ,02781|~ .G02289]- .0i64Zj~ ,O0L138j- J007T95)~ .00566)- .O004131- 4G0308)- .00233
- 1.40 - 00000~ +01970|- .02309|~ .02102|- .041529|- ,01073|- 0Q793(- .00342|- .00397|~ .00298|- .00228
- 2.00 - .00000|= +01627|- .OR12B|~ .OIBS&|- .01367|-" +00977|- 0Q69T|- .0050&|- .00374(|- .Q0282|- .002L7
- 3.00 - .00000]- .011%3|- .01581)~ .O1&3%)- LOIU1T7|- .Q0826|= .00605|- .Q04AT|- .0Q336)- .0023T|- 00200
- 4.00 - .00000|- .o00BO2|~- .O01132]- LOL103[- .009Q0|~ .0O0690i- «0Q0320[- L0O393|- QOI0O[- .0Q232|- .001&3
= 5.00 - 00000~ .o0ssAl- ,00B32|- .00839|- L0O7LT|- .005711- .OOKQ3|- .O0343|- .00266|- .00209|- «00166
~ 6,00 - 200000]- .OD3BA)~ ,00601])~ 006351~ 00368 |~ +00470]- -00515 - 00297 |- .00233]|- .001B9i- .00151
- 8.00 - .ODOOO - '00191 - 500519 e -00355 - .0035& - .DOSH - 100265 - -00221 - .00151 - -001'&9 - -00123
-12,.00 - .00000| .00057|= .00103[~ .00131]|- .00142{- .0014l|- «00132|- .QOL1%|~ +00103)~ .D0092|- 00075
~14.00 - .00000|- ,00034]- .00063)- .00083|- .00093|- 00096l 000931~ LOO0S7}- . 80|- 00071 |- .Q0Q&3
=-16.00 - .00000]|- .00021|- .oOORO|- .O0QOS4|- .OOOS3|~ .0006T|- .00067|- .00065|- .00061(- .00036|- 00051
-18,00 - .00000|- .00014l- .00027]- .00037|- .000K4|- .OOOA7|- <O00AS|- .0004B|- +Q0046|- +000441- .OQ0AD
=20.00 - L00000|- .00010|- .00018|- .00026|- .,00031|- .OO034~ .00036|- . Gl- 00036|- +00034|- .00032
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TARLE IV.- SIDEWASH FACTOR Fy

FOR VARIOUS VALUES OF Aw/s - Concluded

(1) Az/s = 8.00
!

acfa &/s +0 +2 +h + +a +10 +12 +1, +16 +18 +20
+ 00 = »00000 = .0134%5] =~ - L01909| - ,01563] ~ .01193|= .0089L|= .00865|~ ,003502|- .00384|- .00298
+ .20 =~ 00000 - .01358| - =~ 01966/ - .01604| ~ .01221]|- 00909 (= .00678|- ,00510|- ,.00390(~ .00302
+ .40 = 00000 ~ .01446] - ~ 02024 - .01643|~ ,01245|- ,00928|- .00690|~- .00519[- .003%8|- .00307
+ .60 - 00000 » .01495]- - .02081| - .01687|~ .01377|- ,00947|- .00703]|~ .00527|- .0C402]~ .00311
+ .80 |- ,00000/~ .01542|- - .02137|- .01788- .01305|- ,00963|- .00713|~ ,c033s|- .00407|- .00315
+ 1,00 |- ,00000{ = .01590]~ - .02194l- .0176%|- .01332)- ,00983|- ,00727|~ .005a4|- .00a13l- .0031%
+ 1.40 = 000001 = .0168Z|~ - -0230#!- .01830| -~ ,01387|- .02020|~ .00732|~ ,00561|~ .00425!- .00327
+ 2.00 = 200000| - .01B14/~ = 02464 > .01967| = .0146Z|- ,01074|~ ,007BB|~ ,00583|= ,004k2|- ,00340
+ 3.00 = 00000 - .,02010(~ - 02Ti10{~ ,021%2|~ .01995|- ,01160(- .00B46|- .00626|~ .00470|~ ,00360
+ 4.00 = «00000|- ,02172~ - «02925|~ ,0231¢|= .01712|- 01241 |- .00502|~ .00664|- .00497|~ ,0037%
+ 5.00 - 00000~ .02300]~ = «03103| =~ 460| - .O01B17|- ,01314(- ,00933|- .00700|~ .00523|- .003%%
+ 6,00 [~ .00000|- ,0239%]~ = .03233]- ,02382]- .01908]- ,01380|- .,01000|~ .00734(~ .00547|- .00416
+ .00 |- .00000(- .02928|« = 03466/~ .02766|- .02034|- ,0ia85|- .01080|- .00793|- .00%9i(- .00k4S
+H2.00 |- .00000|- .02638[- = «03676|~ .02967|- .02227)- ,01430(|- .01191|~ .00B78|= ".00857(~ .00499
+14.00 - 00000]~ .02660|~ - 03723| - «03018|~ .Q3374|- «01672 |- ,01226|~ .00908|- .00881[- .00518
+16.00 ~ ,00000|~ .02673 - = «03795|- ,Q3051{- .Q2306(- ,01701(- ,01252|~ .00930[- .0069%|- .00%33
+18.00 - +00000|~ .036811= = +03775|- .03073|= .02329|~ ,01722|- .01271|- .009a7|- .00714[- .00%5A6
+20.00 = J00000|~ +02686(~ = »03787|- .03087|- .O023&44|- .01737(- .01286(- .00955(~ .00725|- .00356
- .00 |- .00000]- 01349 F .0I570|- OIS0S |- .O136Z|- «0I1S3 |- +00891]- +00863|- +0030Z|- .0038&|- +Q0ZSE
« L20 = J00000]- LO01300[~ .019Q4[~ LOLB52[- ,0L32} [ 01165 |- +Q0872]~ .00653[~ OQA93[~- .00378(- .00394
- |q° - + 00000 |~ «0i251 |- -01535 = 017585 |- |°1“79 - 001151 - !003’4 - .OOGIO - -00“55 - 100372 - 000290
= o680 = 00000~ .01203 |~ LO1773 = LO1738 |- .0l438|c .01109 [~ +QOE35{~ ,00623(- 00477 |- .Q0366|- .00286
~ 80 ~ 400000 |~ .01135}~ .0L708(~ .01681 t +01357 |» ,01081 |- «008i7]~ ,00616|- .ODAGB|- .00361)- .00282
- 1,00 ~ 00000 |- .01108 [ .OL64k[- ,01623 «01355 |- ,01053 [- +Q0798|- 00603 |- .00860|- .0Q333|- .00277
~ 1,40 - -00000}- 101015 ™~ «01518 |- |0151~ nd 101215 - + 00259 |~ 000762 - 000519 - .OO'NJ ~ +00343 |- + 00269
~ 2.00 ~ L00000 [~ +00883 01337 |- ,01354 )= .01157 [ .0091& |- +00708|- .00343|- .Q0418]- .00326|- 00257
= 3.00 « o00000{= .00687 | L010684|- .01108|- .00973 [ .00791 [~ .00622|- .OQASK[- ,0037E8]- .00298(- .00237
- ...oo - «00000 |= -00525 - 300352 - + 00894 |~ -00808 - .0067& - 1005“1 - -00429 - -OO\HO - 100271 - .00211
- 5.00 =~ 400000 |~ 00357 b ,00644 | +00TL3 | .00863 |- 00569 i~ +Q0488|- .0C373(~ .00304(- .QO0245(~ .00195
= §.00 = 400000 |- .00259  ,OO4D6 - «00%65 |= 00343 |= 00478 [~ +O0402|~ +00331 |- ,00270|- .00221 ]~ «0018L
- 8,00 = 00000 = 00170 ,002593  .OO353 [~ ,LOO0338 «00332 |- «Q0292{~- .00230|- .002ii{- .OQO17T|- .00149 -
-12,00 « J00000 |- 00060 - ,00105 - ,00142 k «00138 |- ,00159 [~ 4Q0132|- .00140]- .00125]- .QOL11[|- .OOOS7
~14.00 ~ o00000 [~ .00038 ~ .00070 ([~ ,00093 |- ,0O107 |- 00112 |- .00110]~ .00104 = +000%6|- .00087 |- .00078.
~16.00 = L00000| 400025} ,00046 | .00063 |- .000T4 [~ .0007% - .00080|- .00078|- .O0QT&|~ .0006%|= .00063
-16.00 |- .00000 F .00017 [ .000S1 [ .000kK |- 100052 [ .00057 |- .0003%|- 00035 |- .l00087|- .0003k |- .000%1
«20,00 = »00000 +00012 00022 - 00031 |- .O0DO3B |~ .00042 |- +00043]~ 00043 |~ .QOOAG|- .00043 |- ,0Q0&1
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TABLE V.- BACKWASH FACTOR F, FOR VARIOUS VALUES OF Az/s

(a) 2zfs = 0.50

ty/e 40 +2 +4 + +8 +10 +12 +14 +16 +18 +20
s .
+ .00 + 3J5TTTL [+ AB3S3(+ .01729|+ 00484 + .00200¢ .00102|4 .0008%|+ .00037)+ .0002%5|¢ .0001L7 1 00013
+ .30 4 3.03604 |¢ 17900+ 017211+ LQOAEN + L00R0G|¢ .0Q10%2|+ ,000%8|+ .00037[+ .00025|+ .000L7 00013
+ 040 | +2.05003 [+ 163631+ .01698|+ 00481+ .00200|+ .00101|4 .0005814 .00037|+ .00025[+ .00017|+ 100013
4«80 4 1.20195 4 JiAT2A1%  L01662[F JODATT[¢ J00199[¢ 00i0i[¢ .00058{+4 .00037[+ .00023[+ .00017[+ .QOOL3
+ L850 +  S81730 |+ ,12728(+ ,016L3 I +0D471| ¢ 0019714 LODIOI|4 ,L00058|4+ .00037|+ .00024|+ .00017[+ .000L3
+ 1,00 1 33333 [+ 10815+ .Q1334 Q043 + L00196|+ .0QLDO|+ ,00058' + ,00036|+ .0C024 $ 0Q017|+ .,00013
+ 1,40 o23E38 14 OT644[+  LOLAL4|T 00443 + ,00191]|+ L00099|+ .00057!'+ .00036|% .00024|+ .00017|+ .00OL2
+ 2.00 1 .13369 + J0A353(+ QL1B0|+ .QOAO%| + .00LE2|+ 000964 L000B5(4+ .00036|+ .00024|+ .00017|+ .00012
3.00 O3ITT |+ O2108(+ 00 + 003%0| + L,00163|¢+ LO0008%|+ .000%3|+ .00034l4 .00023|4 .00017!4 .00012
+ 4,00 4 J01483]¢ LOLO96)+ .00538|+ LOO027i|+ .0Q142|4 .0008i|+ ,00050|4 .00033|+ ,00022(+ ,.00016]+4 ,00012
5.0 + «00773[+ .00629[+ ,003B2[+ .00212]+ .00120|+ .00072|+ .00046|+ .00031|+ .00021|+ .00015{+ .000il
+ $.40 4 J004321% 00385+ (00286 (+ J001651+ 00101+ 00063 {+ .C0042({+ .00028[+ .00020(+ .00015|+ .000ii
+ £.00 + 400193]|+ L00176|4 .O0139|+ .00100|+ .00069|+ .0004B|+ .00033|+ ,00024|+ .00018|+ .00013|+ .00010
+12,00 1 00038+ ,00053|+ ,0Q049(+ Q001+ .QOO33|+ .00026|+ .00020|+ .00016|+ .00013|+ .000i10|+ .000O8
[ + L00036 [+ L00033|+ ,00033(+ ,00038i+ .00024]+ .00020|+ .0001is|+ .00013|+ .00010|+ .00008|+ .00007
+16.,00 + J0002&(+ .00024|+ ,00022(+ ,00020|+ .00QLT|+ .00015|+ .00013|+ .00010|+ .00009|+ .00007!+ .0OOCS
+1 8,00 + 00017+ L00017|4# LOCOI6|+ 00015+ .Q0013|+ .OO0QL1|+ .00010|4 .0DOO8|+ .00007!4 + 00005
+20,00 + J000i2{+ .00012|+ ,000i2}+ ,000ii|+ ,00010{+ ,0000%|+ .00005|+ .O0007|[+ .00006|% .00003(+ .0000K
(b} Azfs = 1.00
+ W00 + 1.41521 4 28158 ‘i‘ 03150+ 200937+ L00393 + J00201j¢ .001168 4+ 00073|+ .00049{+ .00034]+ .00025
+ ,20 + 1,34643 |+ 23TL7|+ .03177|% .0093%|+ .00393|+ ,0020i(+ .00116|+ .00073|+ L00AS |+ 00034|+ .0Q025
+ k0 + 1.17313(+ ,22480(+ .03137|+ ,00930|+ .00392|+ .00200|+ .00116|+ .00073!+ .000%%|+ .00034|+ .0002%
+ .60 T oIIT2T|+ .20670]4 LO3CTa|+ ,00522|+ .003%0|+ . + 00156|+ .00073(+ .O0049|+ .QQ034|+ .00025
4+ 8 + JTI036/+ J19832|4 L,02989|+ 00511+ L00387|+ .00LSS|+ .00113|+ .00073{+ «Q0049 |+ .00034|+ .QDO2S
+1,00 |+ LIT733|+ (163394 L02BBS|4 .00897(+ ,003Bk|+ ,00198|+ .00113|+ .00073|+ .000aS|+ .0OO3al+ .co02S
+1.40 + 339541+ .12330|+ ,09639|1 .008S2|+ ,003761+ 400193|+ .001iAl+ .00072|+ .o000AB|+ .cOOB&l+ .o0025
+ 2,00 |+ L26330(+ JOTET1|+ .02322{+ .00754|+ .0035%|+ .o00189(+ .00111|+ .00071|+ .co04B|+ .00034|+ .0002%
4+ 2,00 + JO80301%  JOIBETI+ 018651+ 006821+ 003211+ JO0L761+ 001061+ LOODGE|+ «000AG|+ 00033 |+ .00024
+ 4,00 |+ L02T73]+ J020Th|+ ,01077|+ .00330(+ .00279|+ .00160i+ .00099{+ .00065|+ .00045]+ .00032|+ .0002%
+5.00 |+ 0148014 ,01210|+ ,00742]+ .00416|+ .0C238|+ .001&3|+ ,00091|+ .C0061]{+ .00042(+ .00031|+ .00023
+ 6.00 + LOOBTT(4 ,00757(+ .00321|+ .00324|+ 400199+ .00126(+ .00083|+ .00057|+ .00040|+ .0002¢|+ .00022
8.00 + 0037914 LQ034T|+ .002T4|+ .00198|+ .00137|+ ,00093|4+ .0006T|+ .coONE|+ .C003%|+ .00026|+ .00020
+H2.00 + L00ila|+ LOOL10]4 . + .00082|+ ,O00086)+ ,G0032|+ 00041+ .00032|+ .00025|+ .00020|+..00015
+14,00 + 00072{+ .0007C|+ .00064|+ .000%6|+ .0004T[+ .00039|4+ .coO032 + <00026|+ .00021|+ LOO0Q1T|+ .0QO01A
§.+00 + J00C4B/+ 000471+ 00034+ .OO0AO|+ ,00035|+ .00030|4 .co02s|+¢ .00O21 + JO001T|+ .00014|+ .00012
+HB8.00 14 .00034l4 .0003314 0003204 0002814 DOODSIE 0003314 0002014 LOOOLT|+ .OOOLA|+ O000IZ|+ 00010
420,00 + 000251+ .00025|+ .00023|+ .00022[+ ,.0OQQA0|+ LOOOLBl4+ ,00016|+ .0001&|+ .00012{+ .0001G|+ .0000%
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TABLE V.- BACKWASH FACTOR F, FOR VARIOUS VALUES OF Az/s - Continued

(e) Azfs = 1.50

N +0 +2 + +& +8 +10 +2 +14 +16 +18 320
fofs

W00 + L73950|+ .226a8]+ .04227(4 .01332|+ 00573+ .0025¢|+ .OOLT2{4 .00L05|+ .OCOTS|+ .0OOS1|F 00037
+ 20| + .72235|+ .22371|+ .ON21L|+ .0132% ¢ 00572+ .00296(+ «001T2|+ .0DL09|+ .OQO73[+ ,D0OB1[+ .00037
4+ A0 o+ LE€7410[+ L21573(+ .0A4163|+ .01323[+ 00371+ 00293+ .00172{+ .00108(+ .00073(+ .0005i|+ .00037
+ 80| + 60456|+ .20333{+ OROBT[+ 01313+ .00%68+ .00254l+ .00171|4 ,OOL0B(+ .ODOTI|¢ LOOD5L|+ LDOODT
4 JBO| ¢ 432632|+ .18831|% 03984+ .01297/+ .00564 + .00293 |+ .00171|4 .00108(+ .00073|+ .00051|+ .OO0dT
+1,00] & L44776|+ L17173(+ L03857|+ Q1278+ 00535 + .00291 |+ .00170(4 ,OO10B |+ .00072(+ .0005L|+ 00037
o 1440, ¢ G31215(+ .13799|+ L03553[+ ,01239 4+ ,00547 4+ .00QST|+ .00168]+ .00107 |4 .D00T2|+ .O0D0S1|+ 00037
F 2,00f 4+ ,17827(+ .09324+ .03025|+ L01136|+ .0052H + ,00279{+ .00165|+ .00105|+ .0007i|+ .00050(+ .00037
+ 300 + 07619+ .03079|+ .o218Ba|+ 00532+ Jook7o|+ .00260|+ .00157|+ .00i01[+ .000ss|+ .000as|+ .00036
+ 400| 4+ L037AT|+ L03850[+ 01923+ 00757+ Q040 + 00237+ 00147+ .0DOS6 |+ ,O0DGE + .00D0aB|+ .OOD3S
+3.00] 4+ .0207i+ .017071+ .01063l4 _006081+ _po3ioi4  _on2iils .00125ls .00001ls .00063]4 .0DCOR1+  .00034
+8.00] + 01232+ .01088l+ ,0073a+ .,00473|+ .00393|4+ .00185|+ .00123]|4 .000B4 )+ .00050[+ .0004E[+ .0Q033
+ 8.00|. + .005%2]¢ .00307|+ .00402{+ 00251+ .00203}+ .00L41|+ .O0D99{4 .OOOTL|+ .000S2:+ .DODID|+ .ODO3O
+2.00] + 00169+ L00162[+ ,00145|+ L0012+ .00099 + .O00TE|+ .00061|+ +O004E |+ .00037|+ .0Q029[+ .00024
+14.00| + ,00107|+ .00104+ .00096[+ .00084 + .00071)+ .00058 |+ .O0047[+ .OCO3E(+ .00031|+ .00025(+ .00021
6,00 4 00078+ .000TLl+ .00066]+ 00Q3H + ,00032 4+ LOCOA4|+ .OCO37|+ .00031|+ .OD026)+ .0002I[+ .0OO1B
+15.00| + .00051]4 .00050|+ .O0Q04T|+ 00043 4+ .00039+ ,00034(+ .00029|+ .00025{+ .0003i|+ .0001B(+ .00015
420,00 4 400037+ .00037/+ ,00035(+ 00033 + .00030{+ ,00027(+ .00024|+ .00021[+ .00018[+ .00015|+ .00013

() az/e = 2.00

4 400 + Laa73i)+ .a192az|e .ONEB2i [ .01652|+ .00733|+ ,0038% |+ .00225(+ .00143|+ .00056]+ .000E .00050
+ 220 ( 4+ L4k103|+ .19076|+ .04S05[|¢ .01630|+ J00732)+ .00384 [+ .00225(+ .001A3|+ .ooosst .ooosg: .%28
+ o0 | 4 L4232904 L18594+ LOATSTH L016A2|+ .00730|+ (00383 [+ 00223+ .OOLA3|+ ,00056|+ JO00EEI+ 0004
+ 60 T eIIORTIT LITBIG|T L04679 |+ L01629|+ ,00727|+ ,00382 |+ .00324|+ .00142{+ .00096[+ ,00088|+ .0004S
+ 80| + L36300|+ L16863|+ L04373H .01611(+. ,00723|+ .0C38L [+ .00224/+ .00142|+ .00056[+ .00068[+ .0004
4+ 1,00 | + J32660|+ L15743(+ LO&443 [+ L0189+ .00717|e 00375 |+ .00223l+ .Coixzl+ .oD0SE|+ .00067 ]+ .00049
+ 1,40 | + L25430|+ L13308|+ 04127 [+ .01531|+ .00701]+ ,00373 [+ .00221|+ .CO1Ak1|+ .00095|+ .0006T|+ .00048
4+ 2,00 + ,16667|+ L,09857|+ L0337+ .01430|+ .00671|+ .00362 [+ 00215+ .00139[+ .000%4|+ .00067[+ .000KD
+ 3.00] + ,082231+ ,03728(+ 02638 ,01198]+ .00s04l¢ 00338 |+ 003081+ .00134l+ .0005L|+ .00CES |+ L0004
+ 00| + LOMSAI+ ,033B9[+ ,01883 K L00573|+ .00328(+ .00308 |+ .00192|+ .00i27|+ .0008E|+ .o00063 |+ .000AT7
+ 5.,00| + ,02818[+ ,02097|+ LO1336 [ ,007T4[+ .00432]+ .00276 |+ +0017T7|+ .00115(+ .00084|+ .000stl+ .000AS
o+ 6,00 + 013620+ ,01362(+ L0098l ,00609|+' .003gi|+ .co2ay'|+ .00162{¢ .001i1l+ .00075)+ .000BB1+ .0004%4
+ 8.00] + o00T08[+ L0065114 ,L003192H .00378+ ,002653|+ .00185 {+ 00130+ 00094+ .000s%|+ .00082 |+ .00040
+12.00| + J00221l+ ,00213[+ L0D150 [+ L00L6D |+ 130{+ 00103 |+ 00080+ .00053|+ .00049(+ .00039 [+ .00031
+14.00| + .00141(+ ,00137(+ ,00126 M4 .O0110{+ .00093|+ .00077 |+ .0006314+ .00051|+ .O00AL{+ .00033.|+ .00027
+16.00| *+ 000931+ ,00053|+ ,O00B7 [+ ,0007E]+ .00069|¢ ,00059 |+ +00049|+ ,000a1|+ .Q003a|+ . + 00024
+1E.00 | * J00067(+ .00066|+ .000635 |+ ,00058 [+ ,00052(+ .00045 [+ +00039|+ .00033|+ .00028|+ .00024 |+ .00020
420,00 | + L00049(+ ,00048(+ .ooonsr»r 400043 4 ,00039/+ .00038 [+ «00031{+ .00027{+ ,0003&|+ .00020 [+ ,00013

gelse NI VOVM
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TAELE V.- BACKWASH FACTOR F, FOR VARIOUS VALUES OF As/s - Continued

(e) azfe = 2.50

’ /e +0 +2 +4 + +8 +10 +12 +14 +16 +18 20
'l
T .00 | ¥ <297i1+ 13673|+ .050AE|+ .01893|f <0071 [+ F .0 »
T 120 |+ 3sakils .1377314 03033|¢ .0iE90|] a0ero|s oohck|s ooarsls .eoiialt J00tis|] oaneal :9a%et
+ 40 | 4 .28655|+ .15478[+ .04989|+ .01B81|% L00B6B[+ .00464 |+ .002TA[+ .00173|+ .00 o] HIR o
T «60 |+ W27421[+ .15008[+ .OAS1T|+ .Q1B6T|+ .QOBSK 0Ok6Z |+ .00aTA{+ .00173|+ 00118|3 -oougsls ‘S99l
TE |3 o2t .idild Loasis)t Olsksit looEss [ Ookes|+ -ooarals :08173|3 :Souis) 100084 [+ 100083
[ * & . 0 . . .
o |+ lmoesld SiiseTly loasesly’ 0176114 00835)s oasali 15%aTE|+ .oouT|y .00lis|y .DOOES|: 006
. [ 109303 |1+ 03863|+ i 2 x5 li Tramer|a CEMLEMIT e ¥ JOU0G3|F J00061
¥ 3000 | ¥ l08133|4+ 103920t :02533|+ .013S6|: .00733|s .oonls|i o0achl+ +20170|+ .001le|t .000EZ |+ .0D0GO
+ 5,00 | + oace0(+ 103700 [+ 102183|+ -o1iAm[+ J00s34 [+ (00373 |¢ .00236|3 o0iscle Looiee|t 990801t 00038
+35.00 | + .02817(+ 102374|+ i01530|+ .00518|+ 00545 |+ 100338 ¢ -00a17|e ‘o0iai|t 1o91o%|% .goorE|+ .00038
+6.00 | + .01759(+ .013%0ls lo1138|t 100728|+ .00461 [t .00257 [+ 100138|5 .00137|¢ .90098|+ .o0ura|s 9003y
+ 8100 | + 100843+ .o0778|+ loDe3k(+ .00ASE|t .00323 [+ .00826 [+ 100i60|s 100114 -900a3|1 -aboes |t -ooors
+12.00 [ + .00271(+ lgoasol+ 100233|4 100137(+ :00160 [F .00127 [+ .00099|+ L00OTE |4 .90081|4 -900LS |t -obgts
Hapo |+ .00i73le JQoiesle .do1ssl+ lgoidsl+ lootis [ 1000s |+ 0007als oosasll :oeosild s0%0a3 13 coa0as
11600 | + 003(t G0083[+ :00TE|r 100071 |1 1000%4|t 0005 |3 -ooous|: -oogai|t :oo0k3t .00033 |+ .0002s
+20,00 | + 400061+ 00060 [+ .00038|+ .00034[+ ,00045 |+ 00044 [+ .00035|+ 00034+ .00025|+ .00025 |+ 00022
(£) Amfs = 3.00
+ .00 |+ .21082|+ 13038 |+ .03013|+ .0z085 |t o093 [+ .00536[+ .o0331)+ .00206|+ .o0140[+ .o000S9|+ .o00T3
T ‘%0 |+ l20sa7|t .13v67|+ .0%000|+ :02052 [+ .o09mk |+ .00336 |+ .00331f+ .00206|+ .00L&0[+ .00059 |+ .000T3
3 %0 |+ lo0ssoli .sareils oave2|+ .0204&[+ .0098L |+ .00333 |+ .00320|4 .00206|+ .00La0[+ .00095 |+ .00073
T 6o |+ lioeis|+ -iasm3l+ .oasse|+ s02025 |+ l005T7 [+ .00333 [+ .00320|4 .00206|+ .cOLAO[+ .00059 |+ .00QT3
'i' .ﬁ 'i' -iﬁﬁﬁi T .iZﬁEﬁ + .Gisis '.l oGK‘Gi\l + .vG?’-’i % .%531 ‘t' -vvst-r '1" 699295 + sQQ!-.Q + eQQ@?S ‘— ;QQQ?}
Y100 |+ Jigosilt iteoals oaTaT|+ .aives|+ .cosesl+ .0o33s|+ .oco3iB|+ .co205|+ .00135|+ .00095|+ .00073
Taow0 |+ oisslol+ iosss [+ .ossas|+ .disazl+ .o0oas [+ .00322[+ .co31s{+ .co203[+ .00135|+ .00098 |+ .0p072
FTaloo |4 oi1z233sl+ lomssal+ .o3smal+ .o17sal+ .oo%06(+ .00307[+ .oco309(+ .co200[+ .00137|+ .o0csm |+ .0p072
F 3000 | + Jo7sar|t .os7ss |+ .oloms|+ .o15430+ .00B22 |+ .00k75[+ .oo29a[+ .co1s3[+ .o0133|+ .00095 [+ .o00TI
Ta.00 | + .oato7|+ .o3m2ilt .0231i|+ .of2s0 b .0072s |+ .00A33|+ .00276|+ .00134{+ .cOFak[+ .00093 |+ .0006S
$35.00 | + cozses|+ .ozsas|+ sot707|+ -o10¥6 [+ .oos2s[+ .o03s1|+ .00233|4 ,00173|+ .ooiaz|+ .oocER [+ .0006T
Té00 | + toisss|+ o173 |+ 01262|+ -00829 [+ .00332[+ .003AT|+ .00233|4+ .00161|+ .00i16|4 .00085[+ .00064
T Be00 3 GJO05SS|+  WDOSIS 4 JO0714)F L00320 1 QO3T76 e +0024814 001991 4 0013714 0010114 .0007614 .00039
12.00 | + :00316|+ 0030k |+ .00273|+ .00231 |+ .001BE|+ .c01a3|+ .00118|+ .00092|+ .00073|+ .0003B[+ .00O4S
1400 | + so020al+ 00198+ .001B2|+ 00160+ .00136 [+ .00113|+ .00052|4 .00075[+ .000&1|+ .000AD [+ .00040
H6.00 | + .coi39|+ .ooi3s[+ .00127|+ -oofisf+ -00i01[+ .ooms|+ .00073|4 .000s1|+ .00051|+ .coOA2|+ .00035
418,00 | + 00059+ .0005T|+ .c0052+ .00085)4 1000761+ .00067|+ .00038|4 .000AS|+ .000A2|+ .00036 [+ .00030
00 | + .00072[+ .00071|+ .0006B|+ .00064t 00038+ .00052(+ .000a6|+ .000A0|+ .00035|+ .00030 [+ .00026
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TABLE V.- BACKWASH FACTOR F, FOR VARIOUS VALUES OF Az/s - Continued

(g) 2az/s = 4.00

40 +2 + 6 +8 +10 +ig +i4 +He +i8 20

&ife
+ + 12127 ¢ .08937l+ o0as22l+ .0218a(¢ L0113 00630+ 40040014 00251+ .00180{4 .0CI28(4 .O0095
+ + J120BY ¢+ .08909[+ 04313+ .02182|+ .01134 + .00649(% 00399 |+ ,00261(+ .00180[+ .00i28(+ .00095
+ + <1195 + .08B39/+ .044B7|+ LO21Th|+ .01136|+ .00S4B|+ 00358 )4 ,00864{+ .00179!4 .00i28]% .00095
4+ + «11738| ¢ .0889T|+ .044k3|+ .02181|+ LO1131 + .OQS46|+ 00358 )+ .00261|4 .00179)4 .00128|+ .00095
+ + o114470+ JOB518[+ ,04384/ + .02143[+ .01125+ ,L0064k[+ +00397[+ .0026C(+ .00179 1 00128+ 00095
+ + .110921 4+ .0B208|+ .O4310|+ .02121[+ .01118+ .00641(F «003%¢|+ .00260(+ .00179 100128 (+ ,00094
+ 10230 + .07753|+ .04122|+ .02062|+ 01097+ ,00633|+ .00392|+ .00258|+ .00178|+ .00127(+ ,0009K
+ .OSTB# + JO06TIT|+ .O3765|+ .01947[+ .01087|+ .00617|+ 003851+ .00254|4 .00176 I 001261+ 00053
+ .06276|+ .0%09i|+ .03082l+ .01T08|+ .00967 + 003791+ 00368 |+ .00243|+ .00171 «00123 |+ .00052
+ 404352 + 036811+ 02422+ ,Olasal+ ,00861| + .00333[F 00346 |+ 00234 1 .00163/4 .00120{4 ,0008%
+ 03011+ .02634|+ .01865+ .01194|+ .,0075i|+ .004B2|+ .00320|+ .QO221 »00157(+ 00115+ .00CBT
+ L,031131 + 001395J + 01428+ J00STS|+ 00643 + LQ0AJQO[+ 00294 |+ .00Q06|+ .00149)4 .00110|+ .OOOEA
+ J01i111+ .01034|+ .00830|+ .006421+ .004653(+ .003334 .00240 Lk .00175|+ .00I30|+ .0D09%(+ .00076
+ 400394 + ,00330/+ .003k2|+ 00291+ 00239 ¢ .0019i[+ .00151(+ .001i%(+ .00095[+ .0OO73 «00061
+ 002594 002511+ .00232]+ ,00205(+ ,00175(+ ,0014%)+ .0011%(+ .0C097]|+ .00079/4 00065 +00033
+ JO0ITHl + .001T4l+ LDOIG3 + ,00148|+ .00130|+ ,OCL112]+ .00094(+ .00079(+ ,0006&(+ 00085 «00046
+ .00127|+ .00125]+ .00115]+ ,00110(+ .00098I+ ,O0087|+ .00075 |+ .00065)|+ .00055|+ 00047 + 00040
+ 000094| + 00083]+ 00085+ .00083|r .00076|+ .0OO&E|+ ,00060 |+ .00083|+ .00C46[+ .000AC|+ .0003K

(b) Azfe = 6.00

+ + .08480+ LOAT1A)# .03216|¢ 01985k 01913+ .co764 )+ .00%01 [+ .003a2|+ .002a2]+ .00177]+ .00132
+ + L05471|+ .04707 ¢ .03212{+ ,01983 [ .O12i2|+ .007S4[|+ .0080% [+ .QO3A2|+ .00242(+ .0Q177(+ .0O132
+ 4+ 024R40F  L046B5 1+ L03201(+ L0178 01210+ 00763 (+ .003500 «00342 |+ ,00242(+ .00176 (¢ .00138
+ + ,03400(+ ,04631(+ .03183(+ 01965 .01207 |+ .0O761(+ .00500 +00341 [+ 00241 |+ 00176 |+ 400133
H + .03338l+ 086030+ 031570+ 01988 b .01201 [ .00739(+ .00488 b 00341 )% .0021l¢ .00176 |+ .00132
+1 + 052611+ .043420+ .03124)+ LO01943 [ .0L193|+ J00736 |+ 00497 |+ .00340(|+ .00241)+ .00176|4+ .00132
+1 + ,05069[+ .O43E7(+ ,03040|+ .0150% [ LO1i7TEBH .00748|+ .O0AS3 |+ .QO33B1+ .00235(+ .00175!4 .00131
+ 2 + JO46B5|+ LONOBS(+ .02874[+ L0127 B L0113+ .00731(+ 00483 +00333 [+ 00237+ 00174 I 200131
+3 + oo3032l: .o3a77l: .o2masle oigsm L lotosk |+ looss3le .comsmle 00323 .0023il: .ooi70ld l00i2e
+4 + 03170)+ .02847|+ <02143|+ .0i%62 |+ .0096E|+ .0Dsa3|+ .00AAD |+ .00305)« .00223|+ .00163 )+ .o01a3
+5 4 .02498(+ .02278|+ 101776 |t .01262 [+ 00864 fr .00591 [+ .00ALf (¢ .00293|+ .0021a|+ .00160(+ .00122
46 ¥ 01551 ¢ .01802|+ .01453|+ .01072 k .00760 [+ .00535|+ .003B0 [ .00275|+ .00205 |+ .00153|+ 00117
+g + ol104lt 011271+ lo0sssly (00757 i Q0573 b .00k26 |+ .00316 W .00237)+ l00175|+ .0013@|+ .00108
2. + .00406 |+ .00460|+ .00837|+ .0037B L 00313} 00236 |+ .00206 ¢ .00163}+ .00132|+ .00106 i . 000B§
4 + ,003351+ ,00330(¢+ ,00307|+ ,00273 [ ,00236 [+ L0019 |+ .00i63 00136 [+ .00112|+ .000582 +0007s
+ 00240 (¢ .00235|+ ,00222(+ ,00202 { .OOI7H(+ .00153(+ .00132 (¢ ,00111)+ .00094|+ .00C78 14 00086
3 J00173lr 0047304 lo0isk/t .00is2 b 001z k looizale .dosos ke [ooosalt loco7sl+ looos7ld locon7
+ L0132 001301+ JOQ12B[4 L0017 [+ J00107 |+ L0007 |+ -OOOBGIO +00076 (+ .00066 |+ .00057 |+ .000%0

gclc NI VOVN
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‘TABLE V.- BACKWASH FACTOR F, FOR VARIOUS VALUES OF Az/s - Concluded

(1) a=/s = 8.00

[ ]

e &/ +0 +2 N +6 «B +10 2 +l +16 +18 +20
¥ 00 T 03101 |F 02639 1F 02236 [F 01606 [+ Q1113 ¥ <00767 [T +00887 [t 00388 [ .DOBBT (¥ D040 00181
+ .20 + 03098 |+ .ozsasi 02234 K .01605 [+ 01134 |4 .00766 {4+ .00536 .ooual 00281 |+ .002101 00161
+ W40 + 03089+ .02629 02229 B 01602 % .01109 |+ 00765 [+ .00536 4 .00323 .00281 |4 .00210 00161
+ 60 + L03073|4 .O02BIS [ 02221 I 01598+ .01107 |4+ .00764 [+ .00535 |4 .00383 1 .00280 [+ .00210 4 00160
+ L8 I 2030554 02759 4  .02209 01891 4 01103 |4 00762 |+ .00334 [ .00382 «00280 [+ 00210 H 0016
+ 1,00 SD3030(4  LO2TITH 02193 H 01582 [ LO109B |+ 06760 |+ .00833 B LO03BL [+ .O002BO [+ .00209 # ,00160Q
+ 1,40 + ,02964|4 02720 L0215 K .01 (01086 1 00753 |4 .0Q0325 M .00379 [+ .002TH 4 .00209 4 .0016C

2. + 0283314 .02606 H .02078H 01514 H .0l1061 00739 |4 .00331 B .00373 [+ .00276 [+ .00207 4 .0OL%9
+ 3.00 4 .ozsnsi 02387 4 01904 1 Q110 4 ,01003[|+ ,00707 |4 .00%03 ¢ .OO36A [ .00265 [+ 00203 H .00156
+ 4,00 + J02222 02069 [  JOLTOO 201284 1 00930 |4 .00666 |+ .00480 H .00331i ¢ ,00261 4 .00158 4 00153
+ 8,00 [4 0189314 LOLTITTN JO14B3 [ LOLINT 00848 |+ .00618 |+ L00852 b 00334 B .00251 K .00151 [+ .0D148
+ 6,00 1 0159214 01503 K 01279 01010 |4 .00764|+ ,L00B68 |+ .00A21 [ .00315 [ .0023% 4 .00LlBA 1 00144
+ 8,00 01101 |+ 0105214 00924 K 00762 W .,00602 |+ ,00A&S |+ 00358 | .00275 F .00212 1 .00167 .00132
+12, + 0 4 J00317 4 JO0AT7T 4 JO0A20H  JOQ3IST [+ ,00296 |+ 00243 & .00197 4 .00160 00131 [+ .00107
+ 4,00 + L00381 [+ ,00372H 00348 50314 1 20037414 ,00234 |1 J0019TH 00165+ 00137 H .00114 1 « 00095

6. + L00279 |+ L0O27& W ,0025% 4 ,00238 +00213 {4 ,00186 |4 Q0160 B .00L3T [ .00L16 H .00098 [+ .QOCEB3
+8.00 L B 2091 206 B .00197 1 LO01B3 H 00166 [4 00148 |4 00130 H .00i13 H .00Q98 I «Q00BA 1 00072

K + 00160 00158 H 00152 00143 4 001324 .00119 |4 +00107TH .00094 ¢ .ODOB3 .00072 00063

gele NI VOVN



e e ———

Wing Geomerlry

Symbol Swept Unswep?
s 6.25sq 1t 6.25 sq It
b 500t 4.33 7|
¢ 137 rt 149 1t
A 4.0 3.0
E : A 0.3 0.5
N 4 45° o° I
M @% @?é_l [ ‘ S
Airfqi/ gl-i
section 654006 854004

IBEEN - T

I ]

Flgure 1.~ Geometric charscteristics of test models. All dimensions are
in inches.

7
IR
U
VT
164

QeLe NI VOVN



Figure 2.~ Photograph of swept-wing model with angularity survey rake
instelled.
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Figure 3.- Sketch showing coordinate system and positive directions of
veloclties and angles.
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Figure %.- Downwesh induced by circular-cross-section fuselage alone
baged on swept-wing semispan. 2z = 05 x/1 &= 0.5.
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Figure 5.- Lift, drag, and pltching-moment characteristics of the swept-
wing-——fuselage configuration.
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Figure 6.~ Lift, drag, and pitching-moment characteristics of the unswept-
wing—fuselage configuration.
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Figure 8.~ Flow characteristics at the midsemispen location of the swept
wing for various 1ift coefficients. z/c = -0.15.
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Figure 8.- Continued.




NACA TN 3738 ™

/6 . Theory
' sG =-531 ©  Experiment
/4
i ) ‘:l 1O T
% /2 O ~é}\ OARO)
1/ N g R
1054 ~ONC _L .8 .
/ 0 i> ]) q o 6L'.49
6
/.4 m1 1
C/_ =- 26 12
_‘7L 12 TP
% x \7\ A /0 - o8
/ 0 {i‘ | N \') i -4 - o
qo & o o)
\?
) A C = 8()
0 o LA 204
/2, gl, {“L= 0 6 i
9 IO
qa 12 T
Kl
10 -
—(P\ o
/2 — % 8HH» o
(=23
a ] L| qo | ,//-)
7 O] an o, THC, =090
¢ 8 i g I I I I
-5 o D 1O ' -5 0 I 10
X/c X/C

(c¢) Dynamic-pressure retios.

Figure 8.- Concluded.




76 NACA TN 3738

Theory
O Experiment
¢ T ’ A
e,dego EEETTRONITI  o,deg o EETRRGE 2
> =5
-4 -4
4 4 TIITes9I I
B X 0
€,deg O C s to o,deg O
ST ¢ =230 C, =23
.4 O HH 4 HH
& & [TOT
4 N V. N
/ / 4 ©
4 o FEH 4 oy )
AW
€,deg0 2 o,deq O
R = B Va2 ]
_4 - 7o L 4‘9 ‘4 L = 49
N 4
-8 ' -8
-5 0 ) /.0 -5 0 ¥ [0
Y Xe

(a) Downwash and sidewash angles.

Figure 9.- Flow characteristics at the three-quarter semispan location
of the swept wing for various 1lift coefficients. z/c = -0.15.
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Figure 9.- Concluded.
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Figure 10.- Flow characteristics at the midsemispan location of the unswept
wing for verious 1ift coefficients. z/c = -0.15.
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Flgure 12.- Geometric characteristics of wing used in simple sweep theory.




Section =
o MNACA65us A0076 g
a / -
2 5 o
4 2
a 5
a é
0 7
08
T T
LT N
06 f
B
pyaari , b
// N
AN
02 7 ‘\\
0k N
0

©
o~
Q

4 2 I 4 5 6 .7 8
X/c
Flgure 13.~ Thickness distributions of airfoil. sections normal to local
gweep lines of sweptback wing.

€Q



& ) 1™
/ - 4 i =
4 9* / Y - 0 =& s
v TEERN ;
0 -——-“ \.{. "‘.04
04 T ‘//3 ‘ 08
) -———220 '
— %0
08 ' .04 N
NN
AN
.04 NC L. 0 =N
s PN ’ ANR=ES
v A5 e ol o an X teg=T
0 [ - N ".04 LA
=04 -08
-5 o - .5 10 -5 7, 5
e e
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Flgure 15.- Vortex arrengement assumed to approximate swept-wing 1lift
characteristics.’
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Figure 16.~ Theoretical span~load distributions.
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Figure 17.~ Calculeted additional velocities at the midsemispan location
of the swept wing for unit 1ift coefficient.
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Figure 18.- Schematic illustration of graphical differentiation to deter-
mine sidewash wvelocity on chord plene of swept wing.
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Equations (A23) and (B6)
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Figure 19.~ Variation of sidewash velocity with vertical distance below
swept wing. x/c = 0.20.
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Figure 20.-~ Effect of number of spanwise horseshoe-vortices on sidewash
vc;locity variation with vertical distance beneath the unswept wing.
X/Cc = 0. 10.
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